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'0 GLOSSARY

AGL - Above ground level

AIR - Atrospace Information Report

"AL - A-Weighted sound level, expressed in decibels (See
LA)

ALM - Maximum A-weighted sound level, expressed in
decibels (see LAM)

ALAM - As measured maximum A-weighted Sound Level

ALT - Aircraft altitude above the microphone location

APP - Approach operational mode

CLC - Centerline Center

CPA - Closest point of approach

d - Distance

dB - Decibel

dBA - A-Weighted sound level expressed in units of
decibels (see AL)

df - Degree of freedom

6A - Delta, or change in value

Al - Correction term obtained by c',rrecting SPL values

for atmospheric absorption oipd flight track
"deviations per FAR 36, Amendment 9, Appendix A,

Section A36.11, Paragraph d

A2 - Correction term accounting for changes in event
duration with deviations from the reference flight

* path

DUR(A) - "10 dB-Down" duration of LA time history

EPNL - Effective perceived noise level (symbol is
LEPN)

EV - Event, test run number

viii



FAA Federal Aviation Administration

FAR - Federal Aviation Regulation
.5-'..

*" FAR-36 - Federal Aviatibn Regulation, Part 36

GLR - Graphic level recorder

HIGE - Hover-in-ground effect

. HOGE - Hover-out-of-ground effect

IAS - Indicated airspeed

ICAO - International Civil Aviation Organization

IRIG-B - Inter-Range Instrumentation Group B (established
technicai time code standard)

K(DUR) - The constant used to correct SEL for distance and
*" ,-.. velocity duration effects in A2

KIAS Knots Indicated Air Speed

K(P) Propagation constant describing the change in noise
level with distance

K(S) Propagation constant describing the change in SEL
•, with distance

Kts Knots

LA A-Weighted sound level, expressed in decibels

Leq Equivalent sound level

LFO Level Flyover operational mode

MA Advancing blade tip Mach Number

MR Rotational Mach Number

* MT Translational Mach Number

N Sample Size

"NWS National Weather Service

* OASPLM Maximum overall sound pressure level in decibels

- PISLM Precision integrating sound level meter

PNLM Maximum perceived noise level

ix
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PNLTM Maximum tone corrected perceived noise level

POP Photo overhead positioning system

.Q Time history "shape factor"

RH Relative Humidity in percent

- RPM Revolutions per minute

SAE Society of Automotive Engineers

SEL Sound exposure level expressed in decibels. The
Sintegration of the AL time history, normalized to

one second (symbol is LAE)

SELAM As measured sound exposure level

SEL-ALM - Duration correction factor

SHP - Shaft horse power

"SLR - Single lens reflex (35 mm camera)

SPL - Sound pressure level

T Ten dB down duration time

* .- \ TC Tone correction calcualted at PNLTM

TT/O Takeoff

TSC Department of Transportation, Transportation Systems
Center

V Velocity

VASI Visual Approach Slope indicator

VH Maximum speed in level flight with maximum
continuous power

0 VNE Never-exceed speed

Vy Velocity for best rate of climb
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1.0 Introduction - This report documents the results of a Federal
'..

"."- Aviation Administration (FAA) noise measurement/flight test program

involving the Aerospatiale AStar helicopter. The report contains documen-

tary sections describing the acoustical characteristics of the subject

" helicopter and provides analyses and discussions addressing topics ranging

-' from acoustical propagation to environmental impact of helicopter noise.

This report is the fifth in a series of seven documenting the FAA

helicopter noise measurement program conducted at Dulles International

Airport during the summer of 1983.

The AStar test program was conducted by the FAA in cooperation with

Aerospatiale Helicopter Corporation and a number of supporting Federal

agencies. The rigorously controlled tests involved the acquisition of

detailed acoustical, position and meteorological data.

This test program was designed to address a series of objectives

"including: 1) acquisition of acoustical data for use in heliport environ-

mental impact analyses, 2) documentation of directivity characteristics

- for static operation of helicopters, (3) establishment of ground-to-ground

and air-to-ground acoustical propagation relationships for helicopters, 4)

.% decermination of noise event duration influences on energy dose acoustical

metrics, 5) examination of the differences between noise measured by a

-i surface mounted microphone and a microphone mounted at a height of four

. feet (1.2 meters), and 6) documentation of noise levels acquired using

international helicopter noise certification test procedures.

•'%"
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The helicopter is a complex acoustical source generating noise from many

different origins. Figure 1.1 provides a diagram identifying some of

these sources. Two other noise generating mechanisms associated with

forward flight effects (both producing impulsive noise) are blade vortex

interaction (see Figure 9.14) and high advancing tip Mach Numbers. These

figures are provided for the reader's reference.

The appendices to this document provide a reference set of acoustical data

for the AStar helicopter operating in a variety of typical flight regimes.

The first seven chapters contain the introduction and description of the

helicopter, test procedures and test equipment. Chapter 8 describes

analyses of flight trajectories and meteorological data and is documentary

in nature. Chapter 9 delves into the areas of acoustical propagation,

helicopter directivity for static operations, and variability in measured

acoustical data over various propagation surfaces. The analyses of

Chapter 9 in some cases succeed in establishing relationships character-

izing the acoustic nature of the subject helicopter, while in other

instances the results are too variant and anomalous to draw any firm

conclusions. In any event, all of the analyses provide useful insight to

people working in the field of helicopter environmental acoustics, either

in providing a tool or by identifying areas which need the illumination of

further research efforts.

F 2
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* TEST HELICOPTER DESCRIPTION

"2.0 Test Helicopter Descrietion - The AS 350D AStar is a light, general

purpose helicopter marketed and supported by Aerospatiale Helicopter

Corporation of Grand Prairie, Texas. A special feature of the AStar is

Aerospatiale's "Starflex" main rotor hub, which is made of composite

materials. The aircraft was designed with the idea of keeping operating

-• and maintenance costs low as well as the noise and vibration levels. It

was certificated by the FAA in December of 1977. The helicopter provides

room for a pilot, copilot, and three to four passengers; there is also 35

cubic feet of baggage space. An optional ambulance layout is available.

Selected operational characteristics, obtained from the helicopter

manufacturer, are presented in Table 2.1.

Table 2.2 presents a summary of the flight operational teference

parameters determined using the procedures specified in the International

Civil Aviation Organization (ICAO) noise certification testing require-

ments. Presented along with the operational parameters are the altitudes

that one would expect the helicopter to attain (referred to the ICAO

"reference test sites). This information is provided so that the reader

e
may implement an ICAO type data correction using the "As Measured" data

contained in this report. This report does not undertake such a

correctiun, leaving it as the topic of a subsequent report.

5
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TABLE 2.1

HELICOPTER CHARACTEhiSTICS

HELICOPTER MANUFACTURER :_n 'ate

HELICOPTER MCDFL : AS 350D AStar

HELICOPTER TYPE : Single Rotor

TEST HELICOPTFR N-NUJ'BER : 57 80%

MAXIMUM GROSS TAKEOFF WEIGHT : 4300 lbs (1951 kg)

. NUMB0R AND TYFE OF ENGINE(Sj : 1 Lycoming LTS 101-600A2

- SHAFT HORSE POWER (PEE ENGINE) : 615 hp

- MAXIMUM CONTINUOUS POWER : 590 hp

-" ~ SPECIFIC FUEL CONSUMPTION AT

MA-XIMUM POOER kLB/HP/HP) : .573 lb/..r/hp

NEVER EXCEED SPEED :V 1b9 mph (147 kts)
*%NE

MAX SPEED IN LEVEL FLIGHT
"WITH MAX CONTINUOUS POWER (VA) 145 mph (26 Hts)

SPEED FOR BEST RATE OF CLIMB IQY : 63 mph (55 kts)

BEST RATE OF CLIMB : 1750 fpm

MAIN AND TATL ROTOP SPECIFICATIONS
.•'%"

, MAIN TAIL

ROTOR SPEED (maximum,' 386 rpm 2043 rpm

DIAMETER 421 2 in. 73.2 in.

CHORD 11.8 in. 7.28 in.

NUMBER OF BLADES 3 2

PERIPHERAL VELOCITY 709 fps 653 fps

DISK LOADING 4.47 1i/ft 2  ---

FUNDAMENTAL BLADE PASSAGE
FREQUENCY : 19 hz 68 hz

"ROTATIONAL TIP MACH NUMBER (77 0 F) : .6243 .5750

:.1

•. ,•6
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TABLE 2.2

ICAO REFERENCE PARAMETERS

TAKEOFF APPROACH LEVEL FLYOVER

AIRSPEED (KTS) : 55 55 113

RATE OF CLIMB/DESCENT (fpm) : 1750 583 NA

CLIMB/DESCENT ANGLE (DEGREES) : 18.30 60 NA

ALTITUDE/CPA (FEET)

SITE 5 : 445.64/423 342/340 492

SITE 1 : 608/578 394/392 492

SITE 4 : 771/732 446/443 492

SLANT RANGE (FEET) TO

SITE 2 :782 630 696

SITE 3 782 630 69k

NOTE

A preliminary com-irison of noise levels (for the ICAO noise certification
flight regimes) has been made by engineers from Aerospatiale Helicopters
using results from previous tests in France and data presented in this
report. The Aerospatiale engineers cite generally good agreement, showing
the uncorrected data in this report as 1.2 EPNdB higher than French
results for level flyover, 1.1 EPNdB 1 ower for approach, and 0.3 EPNdB 1
ower for takeoff operations. In the process of imlementing the full ICAO
correction procedure, (in a subsequent report) a more thorough comparison
will be made.

At the present time, a Helicopter Noise Measurement Repeatability Program
is being cnducted by The International Civil Aviation Organization (ICAO).
This program involves eight to ten different national measurement teams
conducting noise tests on the same helicopter model, a Bell 206-03. In

the process of analyzing results of that program, a compendium of other
comparative helicopter noise measurements will also be developed. In that
context, the results reported in this document wil be compared in detail
with other detailed results.



TEST SYNOPSIS

3.0 Test Synopsis -Below is a listing of pertinent details pertaining to

the execution of the helicopter tests.

1. Test Sponsor, Program Management, and Data Analysis: Federal

Aviation Administration, Office of Environment and Energy, Noise Abatement

Division, Noise Technology Branch (AEE-120).

2. Test Helicopter: AS 350D AStar, provided by Aerospatiale

Helicopter Corporation

3. Test Date: Wednesday, June 8, 1983.

4. Test Location: Dulles International Airport, Runway 30 over-run

area.

5. Noise Data Measurement (recording), processing and analysis:

Department of Transportation (DOT), Transportation Systems Center (TSC),

Noise Measurement and Assessment Facility.

6. Noise Data Measurement (direct-read), processing and analysis:

FAA, Noise Technology Branch (AEE-120).

7. Cockpit instrument photo documentation; photo-altitude

determination system; documentary photographs: Department of

Transportation, Photographic Services Laboratory.

8. Meteorological Data (fifteen minute observations): National

Weather Service Office, Dulles International Airport.

9. Meteorological Data (radiosonde/rawinsonde weather balloon

launches): National Weather Service Upper Air Station, Sterling Park,

Virginia.



FIGURE 3.1
Flight Test and Noise Measurement Personnei

In Action
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10. Meteorological Data (on site observations): DOT-TSC.

11. Flight Path Guidance (portable visual approach slope indicator

-.! (VASI) and theodolite/verbal course corrections): FAA Technical Center,

ACT-310.

12. Air Traffic Control: Dulles International Airport Air Traffic

"Control Tower.

13. Test site preparation; surveying, clearing underbrush, connecting

electrical power, providing markers, painting signs, and other physical

arrangements: Dulles International Airport Grounds and Maintenance, and

Airways Facilities personnel.

Figure 3.1 is a photo collage of flight test and measurement personnel

* performing their tasks.

3.1 Measurement Facility - The noise measurement testing area was located

adjacent to the approach end of Runway 12 at Dulles International Airport.

(The approach end of Runway 12 is synonymous with Runway 30 over-run

area.) The low ambient noise level, the availability of emergency equip-

ment, and the security of the area all made this location desirable.

Figure 3.2 provides a photograph of the Dulles terminal and of the test

area.

"The test area adjacent to the runway was nominally flat with a ground

cover of short, clipped grass, approximately 1800 feet by 2200 feet, and

O ~ bordered on north, south, and west by woods. There was minimum interfer-

ence from the commercial and general aviation activity at the airport

since Runway 12/30 was closed to normal traffic during the tests.

-..- '..11
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Figure 3.2
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The runways used for normal traffic, IL and IR, were approximately 2 and 3

miles east, respectively, of the test site.

The flight track centerline was located parallel to Runway 12/30 centered

between the runway and the taxiway. The helicopter hover point for the

""" .*static operations was located on the southwest corner of the approach end

of Runway 12. Eight noise measurement sites were established in the

grassy area adjacent to the Runway 12 approach ground track.

3.2 Microphone Locations - There were eight separate microphone sites

±. ited within the testing area, making up two measurement arrays. One

array was used for the flight operations, the other for the static

operations. A schematic of the test area is shown in Figure 3.3.

A. Flight Operations -- The microphone array for flight operations

consisted of two sideline sites, numbered 2 and 3 in Figure 3.3, and three

centerline sites, numbered 5, 1, and 4, located directly below the flight

path of the helicopter. Since site number 3, the north sideline site, was

located in a lightly wooded area, it was offset 46 feet to the west to

provide sufficient clearance from surrounding trees and bushes.

B. Static Operations - The microphone array for static operations

consisted of sites 7H, 5H, 1H, 2, and 4H. These sites were situated

around the helicopter hover point which was located on the southwest

"* corner of the approach end of Runway 12. These site locations allowed for

both hard and soft ground-to-ground propagation paths.
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3.3 Flight Path Markers and Guidance System Locations - Visual cues in

the form of squares of plywood painted bright yellow with a black "X" in

the center were provided to define the takeoff rotation point. This point

was located 1640 feet (500 m) from centerline center (CLC) microphone

location. Four portable, battery-powered spotlights were deployed at

- various locations to assist pilots in maintaining the array centerline.

To provide visual guidance during the approach portion of the test, a

"standard visual approach slope indicator (VASI) system was used. In

addition to the visual guidance, the VASI crew also provided verbal

guidance with the aid of a theodolite. Both methods assisted the

"helicopter pilot ir adhering to the microphone array centerline and in

"maintaining the proper approach path. The locations of the VASI from CLC

are shown in the following table.

Approach Angle Distance from CLC

(degrees) (feet)
12 1830
"9 2456
6 3701
3 7423

Each of these locations provided a glidepath which crossed over the

centerline center microphone location at an altitude of 394 feet.

This test program involved approach operations utilizing 6 and 9 degree

glide slopes.
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FIGURE 3.3

Noise Measurement and Photo Site Schematic
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* TEST PLANNING AND BACKGROUND

"4.0 Test Planning/Background Activities - This section provides a brief

discussion of important administrative and test planning activities.

.- .~ 4.1 Test Program Advance Briefings and Coordination - A pre-test briefing

was conducted approximately one month prior to the test. The meeting was

attended by all pilots participating in the test, along with FAA program

managers, manufacturer test coordinators, and other key test participants

from the Dulles Airport community. During this meeting, the airspace

safety and communications protocol were rigorously defined and at the same

time test participants were able to iron out logistical and procedural

• details. On the morning of the test, a final brief meeting was convened

on the flight line to review safety rules and coordinate last-minute

changes in the test schedule

4.2 Communications Network - During the helicopter noise measurement

test, an elaborate communications network was utilized to manage the

various systems and crews. This network was headed by a central group

"which coordinated the testing using three two-way radio systems,

designated as Radios 1-3.
,.., .
V

Radio 1 was a walkie talkie system operating on 169.275 MHz, providing

communications between the VASI, National Weather Service, FAA Acoustic

Measurement crew, the TSC acoustic team coordinator, and the noise test

coordinating team.

Radio 2 was a second walkie talkie system operating on 170.40 MHz,

providing communications between the TSC acoustic team coordinator and the

TSC acoustic measurement teams.
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-" Radio 3, a multi-channel transceiver, was used as both an air-to-ground

and ground-to-ground communications system. In air-to-ground mode it

provided communications between VASI, helicopter flight crews, and noise

Stest control on 123.175 MHz. In ground-to-ground mode it provided commu-

* - nications between the air traffic control tower (121.9 MHz), Page Avjet

(the fuel source; 122.95 MHz), and noise test control. A schematic of

this network is shown in Figure 4.1.

4.3 Local Media Notification - Noise test program managers working

through the FAA Office of Public Affairs released an article to the local

media explaining that helicopter noise tests were to be conducted at

Dulles Airport on June 8, the test day commencing around dawn and extend-

__ing through midday. The article described general test objectives, flight

paths, and rationale behind the very early morning start time (low wind

requirements). In the case of a farm located very close to the airport, a

member of the program management team personally visited the residents and

explained what was going to be involved in the test. As a consequence of•.-,

these efforts (it is assumed), there were very few complaints about the

test program.

4.4 Ambient Noise - One of the reasons that the Dulles Runway 30 over-run

* area was selected as the test site was the low ambient noise level in the

area. Typically one observed an A-Weighted LEQ on the order of 45 dB,

with dominant transient noise sources primarily from the avian and insect

families. The primary offender was the Collinus Virginianus, commonlyL known as the bobwhite, quail, or partridge. The infrequent intrusive

"19



sound pressure levels were on the order of 55 dB centered in the 2000 Hz

one-third octave band. A drawing of the noisy offender and a narrow band

analysis of the song may be found in figure 4.2.

As an additional measure for safety and for lessening ambient noise, a

16, Notice to Airmen or NOTAM was issued advising aircraft of the noise test,

and indicating that Runway 12/30 was closed for the duration of the test.

FIGURE 4.2
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DATA ACQUISITION AND GUIDANCE SYSTEMS

5.0 Data Acquisition and Guidance Systems - This section provides a

detailed description of the test program data acquisition systems, with

special attention given to documenting the operational accuracy of each

system. In addition, discussion is provided (as needed) of field

experiences which might be of help to others engaged in controlled

- helicopter noise measurements. In each case, the location of a given

-' measurement system is described relative to the helicopter flight path.

5.1 Approach Guidance System - Approach guidance was provided to the

pilot by means of a visual approach slope indicator (VASI) and through

verbal commands from an observer using a ballon-tracking theodolite. (A

picture of the theodolite is included in Figure 3.1, in Section 3.0.) The

VASI and theodolite were positioned at the point where the approach path

intercepted the ground.

The VASI system used in the test was a 3-light arrangement giving vertical

displacement information within +0.5 degrees of the reference approach

slope. The pilot observed a green light if the helicopter was within 0.5

degrees of the approach slope, red if below the approach slope, white if

above. The VASI was adjusted and repositioned to provide a variety of

approach angles. A picture of the VASI is included in Figure 3.1.

The theodolite system, used in conjunction with the VASI, also provided

accurate approach guidance to the pilot. A brief time lag existed between

jOr the instant the theodolite observor perceived deviation, transmitted a

21



command, and the pilot made .the correction; however, the theodolite crew

was generally able to alert the pilot of approach path deviations (slope

and lateral displacement) before the helicopter exceeded the limits of the

one degree green light of the VASI. Thus, the helicopter only occasional-

"ly and temporarily deviated more than 0.5 degrees from the reference

'V. approach path.
•.-

* Approach paths of 6 and 9 degrees were used during the test program.

"Table 5.1 summarizes the VASI beam width at each measurement location for

a variety of the approach angles used in this test.

"TABLE 5.1

REFERENCE HELICOPTER ALTITUDES FOR APPROACH TESTS
(all distances expressed in feet)

MICROPHONE MICROPHONE MICROPHONE
NO. 4 NO. 1 NO. 5

APPROACH A = 8010 A = 7518 A = 7026

ANGLE= 3 B = 420 B = 394 B = 368
C = +70 C = +66 C = +62

60 A = 4241 A = 3749 A = 3257
B = 446 B = 394 B = 342
C = +37 C = +33 C = +29

90 A = 2980 A = 2488 A = 1362

B = 472 B = 394 B = 316
C = +27 C = +22 C = +18

A = distance from VASI to microphone location

B = reference helicopter altitude

C = boundary of the 1 deg ee VASI glide slope
"beam width".
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5.2 Photo Altitude Determination Systems - The helicopter altitude over a

given microphone was determined by the photographic technique described in

the Society of Automotive Engineers report AIR-902 (ref. 1). This tech-

nique involves photographing an aircraft during a flyover event and

*' proportionally scaling the resulting image with the known dimensions of

the aircraft. The camera is initially calibrated by photographing a test

object of known size and distance. Measuring the resulting image enables

calculation of the effective focal length from the proportional

relationship:

(image length)/(object length) = (effective focal length)/(object
N distance)

This relationship is used to calculate the slant distance from microphone

to aircraft. Effective focal length is determined during camera calibra-

tion, object length is determined from the physical dimensions of the air-

craft (typically the rotor diameter or fuselage) and the image size is

measured on the photograph. These measurements lead to the calculation of

object distance, or the slant distance from camera or microphone to

aircraft. ihe concept applies similarly to measuring an image on a print,

or measuring a projected image from a slide.

The SAE AIR-902 technique was implemented during the 1983 helicopter tests

with thr;e 35mm single lens reflex (SLR) cameras using slide film. A

camera was positioned 100 feet from each of the centerline microphone

locations. Lenses with different focal lengths, each individually calib-

rated, were used in photographing helicopters at differing altitudes in

order to more fully "fill the frame" and reduce image measurement error.

23
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Figure 5.I

Photo Overhead Posidoning System
(Pop System)

'A7

•..'1r,0".

Ground
---. -.- Photographer using the

"POP system to photograph

- Artist's Drawing of the Photo Overhead Positioning the helicopter.

System (Figure is not to scale.)

"Photographs of the AS 350D AStar, as taken by the
photographer using the POP system.
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The photoscaling technique assumes the aircraft is photographed directly

overhead. Although SAE AIR-902 does present equations to account for

deviations caused by photographing too soon or late, or by the aircraft
V

deviating from the centerline, these corrections are not required when

deviations are small. Typically, most of the deviations were acoustically

* insignificant. Consequently, corrections were not required for any of the

1983 test photos.

The photographer was aided in estimating uh-z the helicopter was directly

overhead by means of a photo-overhead positioning system (POPS) as illu-

strated in the figure and pictures in Figure 5.1 The POP system consisted

of two parallel (to the ground) wires in a vertical plane orthogonal to

the flight path. The photographer, lying beneath the POP system, initial-

ly positioned the camera to coincide with the vertical plane of the two

guide wires. The photographer tracked the approaching helicopter in the

viewfinder and tripped the shutter when the helicopter crossed the super-

imposed wires. This process of tracking the helicopter also minimized

image blurring and the consequent elongation of the image of the fuselage.

A scale graduated in 1/32-inch increments was used to measure the project-

ed image. This scaling resolution translated to an error in altitude of

* less than one percent. A potential error lies in the scaler's interpreta-

tion of the edge of the image. In an effort to quantify this error, a

test group of ten individuals measured a selection of the fuzziest photo-

graphs from the helciopter tests. The resulting statistics revealed that

2/3 of the participants were within two percent of the mean altitude. SAE
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AIR-902 indicates that the overall photoscaling technique, under even the

most extreme conditions, rarely produces error exceeding 12 percent,

which is equivalent to a maximum of 1 dB error in corrected sound level

data. Actual accuracy varies from photo to photo; however, by using

skilled photographers and exercising reasonable care in the measurements,

the accuracy is good enough to ignore the resulting small error in

altitude.

¾ Tests were recently conducted in West Germany which compared this camera

method with the more elaborate Kinotheodolite tracking method to discover

which was best for determining overflight height and overground speed.

Both methods were found to be reasonably accurate; thus, the simpler

°* camera method remains appropriate for most test purposes (ref. 2).

5.3 Cockpit Photo Data - During each flight operation of the test

program, cockpit instrument panel photographs were taken with a 35mm SLR

camera, with an 85nm lens, and high speed slide film. These pictures

served as verification of the helicopter's speed, altitude, and torque at

a particular point during a test event. The photos were intended to be

taken when the aircraft was directly over the centerline-center microphone

site #1 (see Figure 3.3). Although the photos were not always taken at

precisely that point, the pictures do represent a typical moment during

the test event. The word typical is important because the snapshot

freezes instrument readings at one moment in time, while actually the

readings are constantly changing by a small amount because of instrument

fluctuation and pilot input. Thus, fluctuations above or below reference

conditions are to be anticipated. A reproduction of a typical cockpit

photo is shown in Figure 5.2. When slides were projected onto a screen,

26
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o it was possible to read and record the instrument readings with reasonable

accuracy. This data acquisition system was augmented by the presence of

an experienced cockpit obersver who provided additional documentation of

operational para-eters.

"For future tests, the use of a video tape system is being considered to

acquire a continuous record of cockpit parameters during each data run.

Preliminary FAA studies (April 1984) indicate that this technique can be

successful using off the shelf equipment.

FIGURE 5.2

5.4 Upper Air Meteorological Data Acquisition/NWS: Sterling, VA - The

National Weather Service (NWS) at Sterling, Virginia provided upper air

meteorological data obtained from balloon-borne radiosondes. These data

consisted of pressure, temperature, relative humidity, wind direction, and
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speed at 100' intervals from ground level through the highest test alti-

tude. The balloons were launched approximately 2 miles north of the

measurement array. To slow the ascent rate of the balloon, an inverted

parachute was attached to the end of the flight train. The VIZ Accu-Lok

(manufacturer) radiosonde employed in these tests consisted of sensors

which sampled the ambient temperature, relative humidity, and pressure of

the air. Each radiosonde was individually calibrated by the manufacturer.

The sensors were coupled to a radio transmitter which emitted an RF signal

- of 1680 MHz sequentially pulse-modulated at rates corresponding to the

values of sampled meteorological parameters. These signals were received

by the ground-based tracking system and converted into a continuous trace

" on a strip chart recorder. The levels were then extracted manually and

entered into a minicomputer where calculations were performed. Wind speed

and direction were determined from changes in position and direction of

the "flight train" as detected by the radiosonde tracking system. Figure

5.3 shows technicians preparing to launch a radiosonde.

FIGURE 5.3

4,
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The manufacturer's specifications for accuracy are:

Pressure = +4 mb up to 250 mb

Temperature = +0.5*C, over a range of +30 0 C to -300C

Humidity +5% over a range of +25°C to 5°C

The National Weather Service has determined the "operational accuracy" of

a radiosonde (as documented in an unpublished report entitled "Standard

for Weather Bureau Field Programs", 1-1-67) to be as follows:

Pressure = +2 mb, over a range of 1050 - 5 mb

Temperature = +1°C, over a range of +50°C to -700 C

Humidity =+57 over a range of +400C to -400C

The temperature and pressure data are considered accurate enough for

general documentary purposes. The relative humidity data are the least

reliable. The radiosonde reports lower than actual humidities when the

air is near saturation. These inaccuracies are attributable to the slow

response time of the humidity sensor to sudden changes. (Ref. 3).

For future testing, the use of a SODAR (acoustical sounding) system is

being considered. The SODAR is a measurement system capable of defining

the micro-wind structure. making the influences of wind speed, direction

0 and gradient easier to identify and to assess in real time (Ref. 4).

"5.5 Surface Meteorological Data Acquisition/NWS: Dulles Airport - The

National Weather Service Station at Dulles provided temperature,

"windspeed, and wind direction on the test day. Readings were noted every

*: 15 minutes. These data are presented in Appendix H. The temperature

transducers were located approximately 2.5 miles east of the test site at
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a height of 6 feet (1.8 m) above the 3rouhid, the wind instruments were at

a height of 30 feet (10 m) above ground level. The dry bulb thermometer

and dew point transducer were contained in the Bristol (manufacturer)

HO-61 system operating with + one degree accuracy. The windspeed and

direction were measured with the Electric Speed Indicator (manufacturer)

F420C System, operating with an accuracy of 1 knot and +5°.

On-site meterological data were also obtained by TSC personnel using a

Climatronics (manufacturer) model EWS weather system. The anemometer and

temperature sensor were located 10 feet above ground level at noise site

4. These data are presented in Appendix I. The following table:

(Table 5.2) identifies the accuracy of the individual components of the

EWS system.

TABLE 5.2

Sensor Accuracy Range Time Constant

Windspeed +.025 mph 0-100 mph 5 sec
or 1.5%

Wind +1.5% 0-3600 15 sec
"Direction

Relative +2% 0-100% RH 10 sec
Humidity O-100% RH

- Temperature +I.0 0 F -40 to +120*F 10 sec

After "detection" (sensing), the meteorological data are recorded on a
N

Rustrak (manufacturer) paperchart recorder. The following table (Table

5.3) identifies the range and resolutions associated with the recording of

each parameter.

30
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TABLE 5.3

Sensor Range Chart ResolutiotI
Windspeed 0-25 TSC mod +0.5 mph

0-50 mph

Wind +50

Direction

Relative 0-100% RH +2% RH
Humidity

Temperature -400 to 120°F +1°F

5.6.0 Noise Data Acquisition Sytems/System Deployment - This section

provides a detailed description of the acoustical measurement systems

employed in the test program along with the deployment plan utilized in

each phase of testing.

5.6.1 Description of TSC Magnetic Recording Systems - TSC personnel

deployed Nagra two-channel direct-mode tape recorders. Noise data were

recorded with essentially flat frequency response on one channel. The

same input data were weighted and amplified using a high frequency pre-

emphasis filter and were recorded on the second channel. The pre-emphasis

*: network rolled off those frequencies below 10,000 Hz at 20 dB per decade.

The use of pre-emphasis was necessary in order to boost the high frequency

portion of the acoustical signal (such as a helicopter spectrum) charac-

terized by large level differences (30 to 60 dB) between the high and low

frequencies. Recording gains were adjusted so that the best possible

signal-to-noise ratio would be achieved while allowing enough "head room"

to comply with applicable distortion avoidance requirements.
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IRIG-B time code synchronized with the tracking time base was recorded on

" the cue channel of each system. The typical measurement system consisted

-,o of a General Radio 1/2 inch electret microphone oriented for grazing

incidence driving a General Radio P-42 preamp and mounted at a height of

. four feet (1.2 meters). A 100-foot (30.5 meters) cable was used between

- the tripod and the instrumentation vehicle located at the perimeter of the

test circle. A schematic of the acoustical instrumentation is shown in

4 -. Figure 5.4.

Figure 5.4 also shows the cutaway windscreen mounting for the ground

microphone. This configuration places the lower edge of the microphone

diaphram approximately one-half inch from the plywood (4 ft by 4 ft)

surface. The ground microphone was located off center in order to avoid

natural mode resonant vibration of the plywood square.

5.6.2 FAA Direct Read Measurement Systems - In addition to the recording

systems deployed by TSC, four direct read, Type-l noise measurement

* systems were deployed at selected sites. Each noise measurement site con-

, * sisted of an identical microphone-preamplifier system comprised of a

",•-,C,: Gencfal Radio 1/2-inch electret microphone (1962-9610) driving a General

Radio P-42 preamplifier mounted 4 feet (l.2m) above the ground and orien-

- - ted for grazing incidence. Each microphone was covered with a 3-inch

windscreen.
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Three of the direct read systems utilized a 100-foot cable connecting the

microphone system with a General Radio 1988 Precision Integrating Sound

Level Meter (PISLM). In each case, the slow response A-weighted sound

level was output to a graphic level recorder (GLR). The GLRs operated at

a paper transport speed of 5 centimeters per minute (300 cm/hr). These

"systems collected single event data consisting of maximum A-weighted Sound

Level (AL), Sound Exposure Level (SEL), integration time (T), and

equivalent sound level (LEQ).

o.°

The fourth microphone system was connected to a General Radio 1981B Sound

Level Meter. This meter, used at site 7H for static operations only,

provided A-weighted Sound Level values which were processed using a micro

sampling technique to determine LEQ.

All ins':ruments were calibrated at the beginning and end of each test day

and approximately every hour in between. A schematic drawing of the basic

direct read system is shown in Figure 5.5.

5.6.3 Deployment of Acoustical Measurement Instrumentation - This section

describes the deployment of the magnetic tape recording and direct read

noise measurement systems.

During the testing, TSC deployed six magnetic tape recording systems.

During the flight operations, four of these recording system were located

at the three centerline sites: one system at site 4, one at site 5, and

two at centerline center w-ith the microphone of one of those systems at 4
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) feet above ground, the microphone ot the other at ground level. The two

remaining recording systems were located at the two sidelines sites. The

FAA deployed three direct read systems at the three centerline sites

during the flight operations. Figure 5.6 provides a schematic drawing ot

the equipment deployment for the tlight operations.

In the case of static operations, only four of the six recorder systems

were used. The recorder system with the 4-foot microphone at site 1 moved

to site 1H. The recorders at sites 4 and 5 moved to 4H and 5H respective-

ly. The recorder at site 2, the south sideline site, was also used. The

three direct read systems were moved from the centerline sites to sites

5H, 2, and 4H. The tourth direct read system was employed at site 7H.

Figure 5.7 provides a schematic diagram of the equipment deployment for

* the static operations.
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"ACOUSTICAL DATA REDUCTION

6.0 Acoustical Data Reduction - This section describes the treatment of

tape recorded and direct read acoustical data from the point of

acquisition to point of entry into the data tables shown in the appendices

P. of this document.

6.1 TSC Magnetic Recording Data Reduction - The analog magnetic tape

"recordings analyzed at the TSC facility in Cambridge, Massachusetts were

fe'i into magnetic disc storage after filtering and digitizing using the

GenRad 1921 one-third octave real-time analyzer. Figure 6.1 is a picture

-. of the TSC facility; Figure 6.2 provides a flow chart of the date

collection, reduction and output process accomplished by TSC personnel.

Recording system frequency response adjustments were applied, assuring

overall linearity of the recording and reduction system. The stored 24,

one-third octave sound pressure levels (SPLs) for contiguous one-half

second integration periods making up each event comprise the base of "raw

data." Data reduction followed the basic procedures defined in Federal

Aviation Regulation (FAR) Part 36 (Ref. 3). The following sections

describe the steps involved in arriving at final sound level values.

FIGURE 6.1
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".-7 6.1.1 Ambient Noise - The ambient noise is considered to consist of both

the acoustical background noise and the electrical noise of the

measurement system. For each event, the ambient level was taken as the

five to ten-second time averaged one-third octave band taken immediately

prior to the event. The ambient noise was used to correct the measured

raw spectral data by sLbtracting the ambient level from the measured noise

levels on an energy basis. This subtraction yielded the corrected noise

level of the aircraft. The following execptions are noted:

1. At one-third octave frequencies of 630 Hz and below, if the

measured level was within 3 dB of the ambient level, the measured level

was corrected by being set eoual to the ambient. If the measured level

was less than the ambient level, the measured level was not corrected.

2. At one-third octave frequencies above 630 Hz, if the measured

level was within 3 dB or less of the ambient, the level was identified as

" masked."

6.1.2 Spectral Shaping - The raw spectral data, corrected for ambient

noise, were adjusted by sloping the spectrum shape at -2 dB per one-third

octave for those bands (above 1.25 kHz) where the signal to noise ratio

was less t'i.n 3 dB, i.e., "masked" bands. This procedure was applied in

cases involving no more than 9 "masked" one-third octave bands. The

shaping of the spectrum over this 9-band range was conducted to minimize

EPNL data loss. This spectral shaping methodology deviates from FAR-36

-, procedures in that the extrapolation includes four more bands than

normally allowed.

6.1.3 Analysis System Time Constant/Slow Response - The corrected raw

spectral data (contiguous linear 1/2 second records of data) were
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processed using a sliding window or weighted running logarithmic averaging

procedure to achieve the "slow" dynamic response equivalent to the "slow

response" characteristic of sound level meters as required under the

provisions of AR-3; . The following relationship using four consecutive

data records was used:

0.1L -3 0.1L-2 iL-1i.1
Li =10 Log (0.13(10. i )+0.21(10. i- )+0.27(10.0' i- )+0.39(10.O fl]

where Li is the one-third octave band sound pressure level for the ith

one-half second record number.

6.1.4 Bandsharing of Tones - All calculations of PNLTM included testing

foi the presence of band sharing and adjustment in accordance with the

procedures defined in FAR-36, Appendix B, Section B 36.2.3.3, (Ref. 6).

6.1.5 Tone Corrections - Tone corrections were computed using the

helicopter acoustical spectrum from 24 Hz to 11,200 Hz, (bands 14 through

40). Tone correction values were computed for bands 17 through 40, the

same set of bands used in computing the Ei i and PNLT. The initiation of

the tone correction procedure at a lower frequency reflects recognition of

the strong low frequency tonal content of helicopter noise. This

procedure is in accordance with the requirements of ICAO Annex 16,

Appendix 4, paragraph 4.3. (Ref. 7)

6.1.6 Other Metrics - In addition to the EPNL/PNLT family of metrics and

the SEL/AL family, the overall sound pressure level and 10-dB down

duration times are presented as part of the "As Measured" data set in

Appendix A. Two factors relating to the event time history (distance

3g duration and speed corrections, discussed in a later section) are also

presented.
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'0 6.1.7 Spectral Data/Static Tests - In the case of static operations,

thirty-two seconds of corrected raw spectral data (64 contiguous 1/2

second data records) were energy averaged to produce the data tabulated in

Appendix C. The spectral data presented is "as measured" at the emission

"angles shown in Figure 6.3, established relative to each microphone

location. Also included in the tables are the 360 degree (eight emission

angles) average levels, calculated by both arithmetic and energy

averaging.

Note that "masked" levels (see Section 6.1.1) are replaced in the tables

of Appendix C with a dash (-). The indexes shown, however, were

calculated with a shaped spectra as per Section 6.1.2.
O-"

"FIGURE 6.3
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6.2 FAA Direct Read Data Reduction - Figure 6.4 provides a flow diagram

of the data collection, reduction and output process effected by FAA

personnel. FAA direct read data was reduced using the Apple lie

microcomputer and the VTSTCA1.C® software package. VISICALc is an

electronic worksheet composed of 256 x 256 rows and columns which can

support mathematical manipulation of the data placed anywhere on the

worksheet. This form of computer software lends itself to a variety of

data analyses, by means of constructing templates (worksheet3 constructed

for specific purposes). Data files can be constructed to contain a

variety of information such as noise data and position data using a file

"format called DIF (data interchange format).

Data analysis can be performed by loading DIF files onto analysis

templates. The output or results can be displayed in a format suitable

" -" for inclusion in reports or presentations. Data tables generated using

these techniques are contained in Appendices B and D, and are discussed in

Section 9.0.

6.2.1 Aircraft Position and Trajectory - A VISICALC® DIF file was created

to contain the photo altitude data for each event of each test series for

the test conducted. These data were input into a VISICALC® template

designed to perform a 3-point regression through the photo altitude data

from which estimates of aircraft altitudes could be determined for each

microphone location.

.45
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6.2.2 Direct Read Noise Data - Another template was designed to take two

* . VISICALC® DIF files as input. The first contained the "as measured" noise

levels SEL and dBA obtained from the FAA direct read systems and the 10-dB

duration time obtained from the graphic level recorder strips, for each of

the three microphone sites.

The second consisted of the estimates of aircraft altitude over three

microphone sites. Calculations using the two input files determined two

figures of merit related to the event duration influences on the SEL

energy dose metric. This analysis is described in Section 9.4. All of

the available template output data are presented in Appendix B.
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TEST SERIES DESCRIPTION

7.0 Test Series Description - The noise-flight test operations schedule

for the Aerospatiale AStar consisted of two major parts.

The first part or core test program included the ICAO certification test

operations (takeoff, approach, and level flyover) supplemented by level

flyovers at various altitudes (at a constant airspeed) and at various air-

speeds (at a constant altitude). In addition to the ICAO takeoff opera

tion, a second, direct climb takeoff flight series was included. An

alternative approach operation was also included, utilizing a nine degree

approach angle to compare results with the six degree ICAO approach data.

•-4

The second part of the test program consisted of static operations

designed to assess helicopter directivity patterns and examine ground-to-

ground propagation.

The information presented in Table 7.1 describes the Aerospatiale AStar

test schedule by test series, each test series representing a group of

similar events. Each noise event is identified by a letter prefix, corre-

"sponding to the appropriate test series, followed by a number which

* represents the numerical sequence of event (i.e., Al, A2, A3, A4, B5,

B6,...etc.). In some cases the actual order of test series may not follow

alphabetically, as a Dl, D2, D3, D4, E5, E6, E8, H9, H10, H11,... etc.).

* In the case of static operations the individual events are reported by the

acoustical emission angle referenced to each individual microphone

location (i.e., J120, J165, J210, J255, J300, J345, J030, J75). In Table

7.1, the test target operational parameters for each series are specified

.•. along with approximate start and stop times. These times can be used to

A4 47
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reference corresponding meteorological data in Appendix G. Timing of fuel

breaks are also identified so that the reader can estimate changes in

helicopter weight with fuel burn-off. Actual operational parameters and

position information for specific events are specified in the appendices

of this document.

The "standard takeoff" operation, elected by the manufacturer, consisted

• J of a direct climbout from a 5-foot hover, using the best angle of climb.

The reader is referred to Appendices E and F for appropriate cockpit

instrument and trajectory information necessary to fully characterize this

operation.

Figures 7.1, 7.2 and 7.3 present the test flight configuration for the

takeoff, approach and level flyover operations. A schematic of the actual

flight tracks is available in Figure 3.3.
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TABLE 7.1-

TEST SUMMARY

ASTAR

TEST SERIES
AND RUN NO. DESCRIPTION OF SERIES START TIME FINISH TIME

I ..over in 6round effect 8:05 am 8:24 am

J(A) Static/flight idle 8:26 am 8:50 am

J(B) Static/ground idle 8:26 am 8:50 am

F/F1-F9 6 deg approach, 63 mph 9:18 am 9:51 am

FUEL BREAK

E/E1O-E17 ICAO takeoff, 63 mph 10:26 am 10:42 am

- H/H18-H21 9 deg approach, 75 mph 10:47 am 10:56 am

A/A22-A27 LFO, 500 ft./0.9 VII 11:03 am 11:13 am

B/B28-B31 LFO, 500 ft./O.8 VH 11:20 am 11:30 am

C/C33-C36 LFO, 500 ft./O.7 VH 11:35 am 11:42 am

D/D37-D4C LFO, 1000 ft./0.9 VH 11:45 am 11:51 am

N/N41-N44 LFO, 500 ft./143 mph 11:54 am 11:59 am

M/M45-M48 LFO, 500 ft./86 mph 12:02 pm 12:08 pm

G/G49-G54 Takeoff 12:13 pm 12:30 pm

N77 Note: Test series are listed in the order of actual testing. Running

"order changes were made as dictated by environmental conditions.
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. DOCUMENTARY ANALYSES

"•- 8.0 Documentary Analyses/Processing of Trajectory and Meteorological

Data - This section contains analyses which were performed to document the

flight path trajectory and upper air meteorological characteristics during

the Aerospatiale AS 350D AStar test program.

"8.1 Photo-Altitude Flight Path Trajectory Analyses - Data acquired from

"the three centerline photo-altitude sites were processed on an Apple lie

microcomputer using a VISICALC® (manufacturer) electronic spreadsheet

template developed by the authors for this specific application. The

scaled photo-altitudes for each event (from all three photo sites) were

entered as a single data set. The Lemplate operated on these data,

calculating the straight line slope in degrees for the helicopter position

between each pair of sites. In addition, a linear regression analysis was

performed in order to create a straight line approximation to the actual

"flight path. This regression line was then used to compute estimated

altitudes and CPA's (Closest Point of Approach) referenced to each

microphone location (Note: Photo sites were offset from microphone sites

by 100 feet). The results of this analysis are contained in the tables of

Appendix F.

Discussion - While the photo-altitude data dc provide a reasonable

deszription of the helicopter trajectory and provide the means to effect

distance corrections to a reference flight path (not implemented in this

report), there is the need to exercise caution in interpretation of the

data. The following excerpt makes an important point for those trying to

relate the descent profiles (in approach test series) to resulting

acoustical data.
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In our experience, attempts by the pilot to fly down a very narrow
VASI beam produce a continuously varying rate of descent. Thus while
the mean flight path is maintained within a reasonable degree of test
precision, the rate of descent (important parameter connected with
blade/vortex interactions) at any instant in time may vary much more
than during operational flying. (Ref. 8)

Further, care is necessary when using the regression slope and the

"regression estimated altitude; one must be sure that the site-to-site

slopes are similiar (approximate constant angle) and that they are in

"agreement with the regression slope. If these slopes are not in agree-

ment, then use photo altitude data along with the site-to-site slopes in

calculating altitude over microphone locations. Also included for

reference are the mean values and standard deviations for the data

collected at each site, for each series. These data display the

variability in helicopter position within a given test series.

-A.
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* 8.2 Meteorological Data - This section documents the course variation in

upper air meteorological parameters as a function of time for the June 8

test program. References are also made to surface meterological data.

The National Weather Service office in Sterling, Virginia provided

preliminary data processing resulting in the data tables shown in Appendix

H. Supplementary analyses were then under taken to develop time histories

of various parameters over the period of testing for selected altitudes.

Each time history was constructed using least square linear regression

techniques for the five available data points (one for each launch). The

plots attempt to represent the gross (macro) meteorological trends over

"the test period.

Temperature: Figure 8.1 shows the time history of temperature (P.C.) for

"June 8, 1983. Between hours of 8 and 11 a.m. it can be seen that the

surface teliverture remains fair! constant at approximately 27*C, while

the upper altitude's (above 500') show a significant increase in

temperture over the same period. Aside from the surface temperature

remaining fairly constant (approximately 27 0 C), Figure 8.1 shows a normal

lapse rate of (2-3 0 C)/1000 ft. above the 500 ft. level; where as the

difference between the ground and 500 ft. levels is a marked 10'"C!1000

*O ft., which is consistent with solar heating of the earth's surface as a

* function of time. Static, Takeoff, and Approach operations were conducted

-i during this time frame. Level flyover operations were conducted between
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11:00 a.m. and 12:00 p.m. and it is expected that these same conditions

existed during these operations also. The effects of temperture during

the test period are most notable in performance characteristics (i.e.,

rate of climb) of the aircraft.

Relative Humidity: Figure 8.2 shows the time history of Relative Humidity

(% percent) for June 8, 1983. It is seen that surface moisture is burnt

off as a function of time due to solar heating as expected. Howevex,

Figure does not show the expected increase in surface temperature that

would precipitate such a drastic decrease in relative humidity. Therefore

some meterological phenomena (? fog) must have existed during this time

period that would account for such major inconsistencies.

Wind Data: Figures 8.3 and 8.4 show the Head/tail and cross wind compo-

nents versus the time of day for June 8, 1983. During the hours of 8 and

11 a.m., one observes (Figure 8.3) a steady 7-8 kts head/tail component,

depending on the direction of flight.

Takeoffs were flown in the 300° direction, while approach operations were

flown in the 1200 direction, suggesting a head/tail wind contribution

respectively to the airspeed of the aircraft. The crosswind components of

0• the wind vector are plotted in Figure 8.3 over the same period of time.

Level flyover operations were conducted between 11:00 a.m. and 12:00 p.m.
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EXPLORATORY ANALYSES AND DISCUSSIONS

9.0 Exploratory Analyses and Discussion - This section is comprised of a

series of distinct and separate analyses of the data acquired with the

Aerospatiale AS 350D AStar test helicopter. In each analysis section an

introductory discussion is provided describing pre-processing of data

(beyond the basic reduction previously described), followed by

"presentation of either a data table, graph(s), or reference to appropriate

appendices. Each section concludes with a discussion of salient results

and presentation of conclusions.

The following list identifies the analyses which are contained in this

section.

9.1 Variation in noise levels with airspeed for level flyover

operations

9.2 Static data analysis: source directivity and hard vs. soft

"propagation characteristics

9.3 Duration effect analysis

9.4 Analysis of variability in noise levels for two sites

-" equidistant over similar propagation paths

9.5 Variation in noise levels with airspeed and rate of descent for

approach operations

"4- 9.6 Analysis of ground-to-ground acoustical propagation for a

nominally soft propagation path

9.7 Air-to-ground acoustical propagation analysis

N.
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9.1 Variation in Noise Levels with Airspeed for Level Flyover

Operations - This section analyzes the variation in noise levels for

level flyover operations as a function of airspeed. Data acquired from

the centerline-center location (site 1) magnetic recording system (see

Appendix A) have been utilized in this analysis. All data are "as

measured", uncorrected for the minor variations in altitude from event to

event.

The data scatter plotted in Figures 9.1 through 9.4 represent individual

noise events (for each acoustical metric). The line in each plot links

the average observation at each target airspeed.

Discussion - The plots show the general trend that can be expected with an

increase in airspeed during level flyover operations. It has been

observed that as a helicopter increases its airspeed, two acoustically

related events take place. First, the noise event duration is decreased

"as the helicopter passes more quickly. Second, the source acoustical

emission characteristics change. These changes reflect the aerodynamic

effects which accompany an increase in speed. At speeds higher than the

speed for minimum power, the power required (torque) increases with an

increase in airspeed. These influences lead to a noise intensity versus

airspeed relationship generally approximated by a parabolic curve. At

first, noise levels decrease with airspeed, then an upturn occurs as a

consequence of increasing advancing blade tip Mach number effects, which

0 in turn generates impulsive noise.
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The noise versus airspeed plots for the AStar are shown for various

acoustical metrics in Figures 9.1 through 9.4.

The AStar airspeed/noise level relationships follow a very shallow

parabolic pattern characterized by an upturn at approximately 115 mph. A

similar curve snape is observed for each metric.

Advancing tip Mach Number relationships corresponding to airspeeds are

presented in the table below.

Table 9.1

IAS (MPH) MA

80 .7
90 .72

100 .73
110 .74
120 .76
130 .77
140 .78
150 .79

It is seen that the curves begin to bend upward at an advancing tip Mach

number of approximately 0.75. This is a somewhat sooner onset than the

trend observed for the Aerospatiale TwinStar where levels increase most

* rapidly beyond a value of 0.79.
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9.2 Static Operations: Static Operations were conducted on the

Aerospatiale AS 350D AStar for three operational configurations on June 8,

1983. Where it has been the case in previous reports (of this series) to

graphically display noise levels propagated over hard and soft paths

during static operations; it is only possible for one operation for the

AStar. During the Ground Idle and Hover-In-Ground-Effect operation the

noise levels collected at sites 2 or 5H or both are not available,

IN. probably because the levels were below the noise floor of the recoraing

equipment. Appendix C shows the tape recorded noise leve.ýs for these

operations.

Flight Idle: Figure 9.5 presents data acquired for the Aerospatiale AS

350D AStar during it's Flight Idle static mode propagated across hard and

soft paths of equal distance from the Hover point. It can be observed

from Figure 9.5 that the AStar displays an acoustic emission pattern that

is pronounced on the left side of the aircraft. In fact the maximum noise

occurs for the 2700 emission angle over the hard path where as the soft

*- path remains relatively stable across all emission angles. The maximum

difference between hard and soft path occurs therefore at the 270°

emission angle and is about 12 dB.

* AISTAR FIGURE 9.5ee- - ASTA .. . ." FLIGHT IDLE
A 78-F -, .'...' •) 76•-"

.. : .- •I• 74-. ."

* .-. . . . . . . .

66- HARD PA1A

A 64--.
L 6

6- S8:. OFT PATH:
D 5-:
B56-

•- '•= • 6- •

8 98 IS8 278 AVG
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9.3 Analysis of Duration Effects - This section consists of three parts,

each developing relationships and insights useful in adjusting from one

acoustical metric to another (typically from a maximum level to an energy

dose). Each subsection quantitatively addresses the influence of the

event duration.

9.3.1 Relationships Between SEL, AL and T-IO - This analysis explores the

relationship between the helicopter noise event (intensity) time-history,

the maximum intensity, and the total acoustical energy of the event. Our

interests in this endeavor include the following:

1) It is often necessary to estimate an acoustical metric given only

part of the information required.

2) The time history duration is related to the ground speed and

altitude of a helicopter. Thus any data adjustments for different

altitudes and speeds will affect duration time and consequently the SEL

(energy metric). The requirement to adjust data for these effects often

arises in environmental impact analysis around heliports. In addition,

the need to implement data corrections in helicopter noise certification

tests further warrants the study of duration effects.

Two different approaches have been utilized in analyzing the effect of

event 10-dB-down duration (DURATION or T10 ) on the accumulated energy

dose (Sound Exposure Level).

Both techniques are empirical, each employing the same input data but

using a different theoretical approach to describe duration

- influences.

65



The fundamental question one may ask is "If we know the maximum A-weighted

sound level and we know the 10-dB-down duration time, can we with

confidence estimate the acoustical energy dose, the Sound Exposure Level?"

A rephrasing of this question might be: If we know the SEL, the AL, and

the 10-dB-down duration time (DURATION), can we construct a universal

relationship linking all three?

Both attempts to establish relationships involve taking the difference

between the SEL and AL (delta), placing the delta on the left side of the

equation and solving as a function of duration. The form which this

..• function takes represents the differences in approach.

* In the first case, one assumes that delta equals some constant K(DUR)

"- multiplied by the base 10 logarithm of DURATION, i.e.,

SEL - AL = K(DUR) x LOG(DURATION)

In the second case, we retain the 10 x LOG dependency, consistent with

theory, while achieving the equality through the shape factor, Q, which is

some value less than unity i.e., SEL-AL = 10 x LOG(Q x DURATION). In a

situation where the flyover noise event time history was represented by a

* step function or square wave shape, we would expect to see a value of Q

"equaling precisely one. However, we know that the time history for

typical non-impulsive event is much closer in shape to an isoceles

* triangle and consequently likely to have a Q much closer to 0.5.

9.6 •): 66
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"O0. Another possible use of this analytical approach for the assessment of

duration effects is in correcting noise certification test data which were

"acquired under conditions of nonstandard ground speed and/or distance.

"- - . Discussion - Each of the noise template data tables lists both of the

" duration related figures of merit for each individual event (see

Appendix B). One immediate observation is the apparent insensitivity of

the metrics to changes in operation, and the extremely small variation

V• in the range of metric values, nearly a constant Q = 0.4 and a stable k(A)

value of 7.0. Data have been plotted in Figure 9.7 which shows the minor

variation (a transition from 0.4 to 0.5 at 130 mph) of both metrics with

airspeed for the level flyover operations for the microphone site 1 direct

* read system. The lack of variation in the parameters suggests that a

simple and nearly constant dependency exists between SEL, AL, and log

. * DURATION, relatively unaffected by changes in airspeed, in turn suggesting

a consistent time history shape for the range of airspeeds evaluated in

this test. As SEL increases with airspeed, the increase appears to be

related to increase in ALM but mitigated in part by reduced duration

time ( and a nearly constant k(A)=7).

It is interesting to note that similar results were found for the other

helicopters tested (Ref. 10 - 13), (Ref. 10) suggesting that different

helicopter models will have similar values for K and Q. This implies that

it would be unnecessary to develop unique constants for different
helicopter models for use in implementing duration corrections.
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9.3.2 Estimation of 10 dIB Down Duration Time -In some cases, one does not

have access to 10 dB down duratin time (DURATION) information. A moderate

to highly reliable technique for estimating DURATION for the AStar is

developed empirically in this section.

0 The distance from the helicopter to the observer at the closest point of

"approach (expressed in feet) divided by the airspeed (expressed in knots)

yields a ratio, hereafter referred to as (D/V). This ratio has been

compiled for various test series for micorphone sites 1,2 and 3 and has

been presented in Table 9.2 along with the average DURATION expressed in

seconds. A linear regression was performed on each data set in Table 9.2

rand tr.se results are also displayed in Table 9.2. Here one observes

generally high correlation coefficients, in the range of 0.75 to 0.92.
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0i TABLE 9.2

DURATION (T-1O) REGRESSION IN D/V

HELICOPTER: ASTAR

SITE I

COCKPIT
PHOTO

TEST DATA AV6 AV6
SERIES V AVG DUR(A) EST ALT DAV

A 130 14.4 560.1 4.3 LINEAR
B 118 14.8 529 4.5 REGRESSION
"C 101.75 16.1 558 5.5
0 126.75 24.6 1070 ,.4 SITE II1
E 60.86 24.3 586.9 9.6
F 64.78 14.7 355.5 5.5 SLOPE 2.19
6 73.6 17.7 542.9 7.4 INTERCEPT 3.88
H 75.67 14.7 395.3 5.2 R SO. .89
- 63 19.2 538.2 6.5 R .95
N 142.67 11.7 568.3 4 SAMPLE 10

S!TE 2

A 130 15.1 745.8 5.7 LINEAR
"B 118 15.8 722.7 6.1 RE6RESS!ON
C 101.75 18.5 744 7.3
D 126.75 26.5 1177.7 9.3 SITE 82
E 60.86 27.2 766.5 12.6
F 64.78 26.5 607 9.4 SLOPE 2.C4
"6 73.6 24.5 733.1 10 INTERCEPT 4.82
H 75.67 27.6 631.2 9.3 R SO. .73
N 83 21.1 729.6 8.8 R .86
W 142.67 14.6 751.8 5.3 SAMPLE 10

SITE 3

A 130 14.6 744.8 5.7 LINN
S118 15.4 721.9 6.1 REGRESSION

, 1•!.7 23.4 743.4 7.3
D 126.75 25 1177 9.3 S!TE #3
"E 68.86 23.4 749.2 12.3
F 64.78 20.6 603.3 9.3 SLOPE 1.3!
6 73.6 18.8 719.5 9.8 INTERCEPT 8.33

SH 75.67 14.5 ,24.8 8.3 R SO. .46
N 83 21.2 728.1 0.6 R .68

. N 142.67 14.3 752.5 5.3 MIPLE 10
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The regression equations relating DURATION with DIV are given as

Centerline center, Microphone Site 1:
T10 = [2.2 x (D/V) ] + 3.8

Sideline SOuLh, Microphone Site 2:
T10 = [2.0 x (D/V) ] + 4.8

Sideline North, Microphone Site 3:
TI 0 = [1.3 x (DIV) j - 8.3

It is interesting to note that each relationship has a similar slope but

"differing intercept values. Because the regression analyses were

conducted for a population consisting of all test series (which involved

the operations in both directions) it is noL possible to comment on

left-right side acoustical directivity of th. helicopter.

It is worth noting that the general trend observed for the AStar (longer

sideline duration) is consister2 4-th results seen for the TwinStir

(Ref. 13). It appears necessary to consider carefully helicopter specific

characteristics in estimating SEL or other energy-dose acoustical metrics

at sideline locations. It is also significant to note that slopes

computed above tor the AStar are very similar (approximately 2) to those

observed for both the TwinStar and the Hughes 500D.

Synthesis of Results - It is now possible to merge the results of Section

9.3.1 with the finding alove in establishing a relationship between (D/V)

and SEL and AL. Given the approximation: SEL AL + (10*LOG(O.45*

DURATION)), it is possible to insert the computed value for TIO

(DURATION) into the equation and arrive at the desired relationship.

Li~ 9.3.3 Relationship Between SEL minus AT "nd the Ratio D/V - The

difference between SEL and ALM or conversely, EPNL and PNLTM (in a
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certification context), is referred to as the DURATION CORRECTION. This

difference is clearly controlled by the event T1 0 (10 dB down duration

*• time) and the acoustical energy contained within those bounds. As

discussed in previous sections, the T1 0 is highly correlated with the

ratio D/V. This analysis establishes a direct link between D/V and the

DURATION CORRECTION in a manner similar to that employed in Section 9.3.2.

Table 9.3 provides a summary of data used in regression analyses for

imicrophones 1, 2 and 3. The regression equations, along with other

statistical information, are provided in Table 9.3 also.

It is encouraging to note the strong correlations (coefficients greater

than 0.73) which suggest that SEL can be estimated directly (and with

confidence) from the ALM and knowledge of D/V. It is also interesting

to note the similar regression equations. As mentioned in Section 9.3.2,

it is difficult to comment explicitly (and quantitatively) on source

directivity because operations were conducted in both directions.

Regardless, one can see that centerline/sideline differences do exist.

The reader is cautioned, however, not to expect these relationships to

necessarily hold for D/V ratios beyond the range explored in this

analysis.
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TABLE 9,3

"SEL-AL. REGRESSION ON D/V

HELICOPTER: ASTAR

SITE I

COCKPIT
PHOTO

TEST DATA AVG AVG
SERIES V AVG SEL-ALu EST ALT D/V

A 130 7.6 560.1 4.3 LINEAR
B 118 7.6 529 4.5 REGRESSION
C 101.75 8.3 558 5.5
D 126.75 10 1070 8.4 SITE #1
E 60.86 9.9 586.9 9.6
F 64.78 8.6 355.5 5.5 SLOPE .49
0 73.6 9.1 542.9 7.4 INTERCEPT 5.53
H 75.67 7.7 395,3 5.2 R SO. .93
M 83 8.6 538.2 6.5 R .96
N 142.67 7.5 568.3 4 ,SAPLE 10

SITE 2

A 130 7.8 745.8 5.7 LINEAR
B 118 8.2 722.7 6.1 REGRESSION

C 101.75 8.8 744 7.3
D 126.75 10.3 1177.7 9.3 SITE #2
E 60.86 10.9 766.5 12.6
F 64.78 10.3 607 9.4 SLOPE .47
0 73.6 10.6 733.1 10 INTERCEPT 5.51
H 75.67 10.3 631.2 8.3 R SO. .82
M 83 9 729.6 8.8 R .91
N 142.67 8.1 751.8 5.3 SAMPLE 10

SITE 3

A 130 7.9 744.8 5.7 LIhEAR
B 118 8.4 721.9 6.1 REGRESSION
C 101.75 9.6 743.4 7.3
D 126.75 10 1177 9.3 SITE #3
E 60.86 9.9 749.2 12.3
F 64.78 9 603.3 9.3 SLOPE .26
G 73.6 8.7 719.5 9.8 INTERCEri 6.8
H 75.67 8.4 626.8 8.3 R SO. .53
M 83 9.3 728.1 8.8 R .73
N 142.67 8 752.5 5.3 SAIPLE 10
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9.4 Analysis of Variability in Noise Levels for Two Sites Over Similiar

Propagation Paths - This analysis examines the differences in noise levels

"- observed for two sites each located 500 feet away from the hover point

over similar terrain. The objective of the analysis was to examine

variability in noise levels associated with ground-to-ground propagation

over nominally similar propagation paths. The key word in the last

sentence was nominally,.. .in fact the only difference in the propagation

paths is that microphone 1H was located in a slight depression, (elevation

is winus 2.5 feet relative to the hover point), while site 2 has an

elevation of plus 0.2 feet relative to the hover point. This is a net

difference of 2.7 feet over a distance of 500 feet. This configuration

- serves to demonstrate the sensitivity of ground-to-ground sound

propagation over minor terrain variations.

Discussion - The results presented in Tables 9.4 and 9.5 show the observed

* differences in time average noise levels for eight directivity angles and

'* the spacial average. In each case, magnetic recording data (Appendix C)

"have been used in the analyses. It is observed that significant

. differences in noise level occur for the low angle (ground-to-ground)

-. propagation scenarios.

It is speculated that very minor variations in site elevation (and

resulting microphone placement) lead to site-to-site differences in the

measured noise levels for static operations. Differences in microphone

height result in different positions within the interference pattern of

"incident and reflected sound waves. It is also appropriate to consider

* •- whether variation in the acoustical source characteristics contributes to
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noise level differences. In this analysis, magnetic recording data from

microphone site 2 are compared with data recorded at site 1H approximately

one minute later. That is, the helicopter rotated 45 degrees every sixty

seconds, in order to project each directivity angle (there is a 45 degree

separation between the two sites). In addition to source variation, it is

also possible that the helicopter "aim," based on magnetic compass

readings may have been slightly different in each case, resulting in the

projection of different intensities and accounting for the observed

differences. A final item of consideration is the possibility of

refraction of sound waves (due to thermal or wind gradients) resulting in

shadow regions. It is worth noting that, generally, similar results have

been observed for other test helicopters (Bell 222, ref. 1u; Aerospatiale

Dauphin, ref. 11, Hughes 300D, Ref. 12; TwinStar, Ref. 13). Regardless of

wihat the mechanisms are which create this variance, one perceives that

static operations display intrinsically variant sound levels, in both

direction and time, and also potentially variant (all other factors being

normalized) for two nominally identical propagation paths.

J.7
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TABLE 9.4

COMPARISON OF
NOISE VERSUS DIRECTIVITY ANGLES

FOR

TWO SOFT SURFACES
HELICOPTER: ASTAR

OPERATION: HOVER-IN-6ROION

DIRECTIVITY ANGLES (DEGREES) LaW(360 DEGREE)

SITE 0 45 90 135 180 225 270 315 ENERGY ARITH.

LEO LEO LEO LEO LEO LEO LEO LEO LEO LEO

SOFT 1H 61.3 63.8 61.8 63.8 66.5 67.2 64.2 65.2 64.6 64.2
SOFT 2 66.7 66.8 67.3 71.2 72.7 69.6 68.1 67.7 69.3 68.8

DELTA dB' 5.4 3 5.5 7.4 6.2 2.4 3.9 2.5 4.7 4.6

* DELTA d9 = (SITE 2) MINUS (SITE I)

TABLE 9.5

CORISON OF
NOISE VERSUS DIRECTIVITY AMLES

FOR
TWO SOFT SURFACES

HELICOPTER: ASTAR

OPERATION: FLI6HT IDLE

DIRECTIVITY ANGLES (DE6REES) Lay(360 DEGREE)

SITE 0 45 90 135 180 225 270 315 BEERGY ARITH.

LEO LEO LEO LEO LEO LEO LEO LEO LEO LEO

SOFT I 56.1 56.5 60.3 59.3 59.5 60.3 61.1 60.3 59.5 59,2
SOFT 2 59.1 63.3 62.5 64.1 62.5 64.5 63.2 63.1 63 62.8

DELTA dBu 3 6.8 2.2 4.8 3 4.2 2.1 2.8 3.5 3.6

iDELTA d =(SITE 2) MINUS (SITE 11)
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9.5 Variation in Noise Levels With Airspeed for 6 and 9 Degree Approach

Operations - This section examines the variation in noise level for

variations in approach angle. This analysis has two objectives: first,

to evaluate further the realm of "Fly Neighborly" operating possibilities,

and second, to consider whether or not it is reasonable to establish a

range of approach operating conditions for noise certification testing.

Data is presented for the 6 and 9 degree approache. The appropriate

." series "As Measured" acoustical data contained in Appendix A, have been

tabulated in Table 9.6 and plotted (corrected for the minor differences in

altitude) in Figures 9.8 and 9.9.

Discussion - In the approach operational mode, impulsive (banging or

slapping) acoustical sig .atures are a result of the interaction between

vortices (generated by the fundamental rotor blade action) colliding with

successive sweeps of the rotor blades (see Figure 9.10). As reported in

reference 11, for certain helicopters, maximum interaction occurs at

airspeeds in the 50 to 70 knot range, at rates-of-descent ranging from 200

to 400 feet per minute. When the rotor blade enters the vortex region, it

experiences local pressure fluctuations and associated changes in blade

loading. These perturbations and resulting pressure gradients generate

the characteristic impulsive signature.

The data presented in Figures 9.9 and 9.10 for the three centerline

locations (150 meter spacing) portray the variation in noise level along

"* the ground track as the approach angle (rate of descent) changes (from 6
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to 9 degrees) with airspeed held nominally constant. The 9 degree

approach achieves a 2 dB reduction in the intensity metric LA at sites 1

and 5. There is practically no improvement at site 4. The reduction in

the energy dose metric SEL is more consistent from site to site with a

value of approximately 2dB. The change in the rate of descent changes the

vertical location of the tip vortices with respect to the blades, thereby

changing the relative degree of interaction. From a certification stand

point, it is clear that the 6 degree approach would present greater noise

than the alternative procedure examined.

In the context of the "Fly Neighborly" program, it is worth acknowledging

the potential tradeoff (and classic problem) of diminishing noise levels

at one location while increasing noise levels at another. In this regard,

it is considered important to further evaluate candidate "Fly Neighborly"

operations at a matrix of locations in the vicinity of the overflight

corridor.

' recent sLudy conducted in France (ref. 12) included a matrix of 24

microphones. While cost and logistical constraints make this unrealistic

for evaluation of each civil transport helicopter, one would be prudent to

evaluate several centerline and sideline microphone locations in any

in-depth "Fly Neighborly" flight test.
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*O Two other points of concern in developing "Fly Neighborly" procedures are

safety and passenger comfort. Rates of descent, airspeed, initial

approach altitude and "engine-out" performance are all factors requiring

careful consideration in establishing a noise abatement approach.

Finally, while certain operational modes may significantly reduce noise

levels, there may be an unacceptable acceleration /deceleration or

rate-of-descent imposed on passengers. This is clearly an important

concern in commercial air-shuttle operations.

ASTAR ASTAR
95" APPROACH OPERATIONS 98 APPROACH OPERATIONS
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"8 5 1 ........................ . . .. . . . . ....................... 7T1.8.... ............................ . " 78 ...................................................... ........................... .........................
4 1 5 4 1 5

MICROPHONE SITES MICROPHONE SITES

FIGURE 9.8 FIGURE 9.9

Table 9.6

* APPROACH ADJUSTMENT

Average Average Average
Altitude AL SEL

6 ' Approach 348.3 82.8 91.4

"9- Anproach 384.8 80.6 88.4

9- Adjusted 384.8 81.6 88.9
approach
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9.6 Analysis of Ground-to-Ground Acoustical Propagation

9.6.1 Soft Propagation Path - This analysis involves the empirical

derivation of propagation constants for a nominally level, "soft" path, a

ground surface composed of maixed grasses. As discussed in previous

analyses, there are several physical phenomena that influence the

"diminution of sound over distance. Among these phenomena, spreading loss,

ground-to-ground attenuation and refraction are considered dominant in

"controlling the observed propagation constants.

A-weighted Leq data for the three static operational modes- HIGE,

Flight Idle, and Ground Idle- have been analyzed in each case for eight

different directivity angles. Direct read acoustical data from sites 2

and 4H have been used to calculate the propagation constants (K) as

"V.' follows:

K (Leq(site 2) -Leq(site 4))/Log (2/1)

where the Log (2/1) factor represents the doubling of distance

dependency (Site 2 is 492 feet and site 4H is 984 feet from the hover

point).

For each mode of operation, the average (over various directivity angles)

propagation constant has also been computed.

The data used in this analysis (derived from Appendix C) are displayed in

Table 9.7 and the results are summarized in Table 9.8.
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Discussion - The results shown in Table 9.11 exhibit some minur variation

from one operational mode to the next.

In the case of HIGE and Flight Idle (FI), one observes similar anc; r~ther

consistent average attenuation constants, 37 and 36 respectively. The

attenuation constants agree well with results for the Aerospatiale

TwinStar (Ref. 13), but tend to differ from results reported for the

Hughes 500D (Ref. 12) and the Aerospatiale Dauphin (Ref. 11). As roted in

those reports, the relationship AdB = 25 log (dl/d2) provided a

reasor ,le working approximation for calculating ground-to-ground

diminution of A-weighted sound levels over nominally soft paths out to a

distance of 1000 feet. In the case of the AStar however, it appears that

AdB - 35 log(dl/D2) would perform better. The results for the Ground

Idle operational mode are somewhat surprising, showing a reduction in the

rate of attenuation (characterized by a constant of approximately 23).

9.6.2 Hard Propagation Path - This part of the analyses would involve the

empirical derivation of constants for sound propagation over a "hard"

propagation path, a concrete/composite taxi-way surface. The analytical

methods described above (Section 9.7.1) are applicable using data from

sites 5H and 7H, respectively 492 and 717 feet from the hover site. The

salient feature of this scenario is the presence of a ground surface which

is highly reflective and uniform in composition.

N.

81



0_ TABLE 9.7 STATIC OPER•iI(JNS
DIRECT READ DATA

(ALL VALUES A-WEIGHTED LEG, EXPRESSED IN DECI

ASTAR
S~6-8-83

SITE 4Q (SOFI SITE,

"HI"6 LEO FLT IDLE LEG 61D IDLE LEO

1-0 54.3 J-OA 50.4 J-0B 40.3
1-315 56.8 J-315A 52.3 J-3158BN
1-270 57.7 J-270A 53.3 J-270B
122 I2 55.2 J-225A 52.6 J-2258 NA
1-180 61 J-180A 52.2 J-180B 39
1-135 59.7 J-135A 51.9 Z-1358 NA
1-90 56.3 J-90A 51.3 J-90B NA
1-45 54.9 J-45A 51.8 J-458 NA

"SITE 2 (SOFT SITE)

"HI6E LEG FLT IDLE LEG END IDLE LED

1-0 65.8 J-OA 59.4 J-OB 47.2
1-315 68.2 J-315A 62 J-315B NA
1-270 68.1 J-270A 63.4 J-2700 NA
1-225 68.2 J-225A 63.7 J-2258 NA
1-180 72.3 J-180A 62.5 J-1808 46.1
1-135 71.4 J-135A 64.3 J-135B NA
1-90 67.4 J-90A 62 J-90B
1-45 65.4 J-45A 65.2 J-458 NA

TABLE 9.8

ASTAR

EMPIRICAL PROPAGATION CONSTANTS (K)
FOR SOFT SITES (4H42)

EMISSION HIGE FLT.IDLE 14D.IDLE
ANGLE K K K

0 38.33 30.00 23.00
315 38.00 32.33
270 34.67 33.67
225 43.33 37.00
180 37.67 34.33 23.67

. 135 39.00 41.33
90 37.00 35.67
45 35.00 44.67

AVERAGE 37.87 36.12 23.33
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"r"iscussion - The results of the analysis (not shown) revealed absurdly

large propagation constant values. This outcome suggests a very high rate

of attenuation between site 5H and 7H. The presence of a temperature

inversion (very low wind and very high humidity) is probably the source of

difficulty, resulting in a shadow region beyond site 5H. It is evident

that an isothermal condition with no wind would be the preferred condition

for assessment of ground-to-ground propagation. If there is in fact sig-

nificant shadowing (along the hard path), one may ask why the soft path

scenario does not exhibit strange results as well. It can only be specu-

lated that the hard concrete/asphalt surface controlled the temperature

profile (and micrometeorology) in the vicinity of 5H and 7H. Conversely,

the temperature profile in the vicinity of sites 2 and 4H may have

differed significantly, perhaps controlled by the moist grassy surface.

In essence, the rate of heat loss, the specific heat, and rate of heating

for the dissimilar surfaces may have played a significant role in

influencing the test results. Subsequent reports in this series will

endeavor to further investigate hard path ground-to-ground propagation.

It is significant to note that similarly strange results (K approximately

equal to 50) were acquired for the Hughes 500D (Ref. 12) from test data

measured in the early morning with a temperature inversion present.
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9.7 Air-to-Ground Acoustical Propagation Analysis - The approach and

takeoff operations provided the opportunity to assess empirically the

influences of spherical spreading and atmospheric absorption. Through

utilization of both noise and position data at each of the three flight

track centerline locations (microphones 5, 1, and 4), it was possible to

determine air-to-ground propagation constants.

One would expect the propagation constants to reflect the aggregate

influences of spherical spreading and atmospheric absorption. It is

assumed that the acoustical source characteristics remain constant as the

helicopter passes over the measurement array. In past studies (Ref. 10,

Ref. i1), it has been observed that this assumption is reasonably valid

for takeoff and level flyover operations. In the case of approach,

however, significant variation has been evident. Because of the spacial/

temporal variability in approach sound radiation along the (1000 feet)

segment of interest, approach data have not been utilized in estimating

propagation constants. As a tinal background note relating to the assump-

tion of source stability, a helicopter would require approximately 10

seconds, travelling at 60 knots, to travel the distance between

measurement sites 4 and 5.

In both the case of the single event intensity metric, AL, and the single

event energy metric, SEL, the difference between SEL and AL is determined

for each pair of centerline sites. The delta in each case is then equated

with the base ten logarithm of the respective altitude ratio multiplied by

the propagation constant (either kA(AL) or kA(SEL), the values to be

determined.
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Data have also been analyzed trom the 500 and 1000 toot level flyover

operations and the KPKAL) has been computed. Data were pooled tor all

centerline sites (5, 1, and 4) in the process ot arriving at the propaga-

tion constant.

The takeoft analyses are shown in Tables 9.9 and 9.10 and are summarized

in Table 9.11. Results of the level flyover calculations are presented in

Table 9.13. The level flyover and takeoff analyses are also accompanied

by a tabulat-on of results from four previous reports (Tables 9.12 and

9.14).

Discussion - In the case of takeoff data (Table 9.11) one observes a

"propagation constant of 20, a value in good agreement with previous

- results. This value suggests that either little (to moderate) absorption

takes place over the propagation path or that the source frequency content

is dominated by low frequency componcnts, (relatively unaffected by

"absorption).

In the case of level flyover data (Table 9.13), one observes a value less

than 20. This result is somewhat anomolous suggesting the possibility ot

changes in absorption (or source characteristly) between the 500 and 1000

toot test series. Given the extremely small variation in noise levels

within each test series one can speculate that source characteristics were

.- ,. constant while the rate of absorption changed. In any event one can

* assume that a rather low value propagation constant (K=20) would be appro-

priate tor the AStar. This is consistent with the result acquired

85

!lq.



%%6

for the TwinStar (Ref. 13). This characteristic is likely associated with

a combination of dominant low frequency source content and low test day

-a. atmospheric absorption. Using meteorlogical data contained in the

appendices of this report along with reference the reader can further

explore this topic.

Table 9.15 provides a brief examination of propagation for the EPNL

acoustical metric, used in noise certification. Calculations show a

constant of approximately 12. The propagation constant is somewhat below

the mean value (16.8) observed for a set of six helicopters, the results

of which are summarized in Table 9.16 (also see Refl. 10, 11, 12, 13).

The reader may consider computing propagation constants for other

acoustical metrics as the need arises.

V.
a'°

a•-°
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TABLE 9.9 TABLE 9.10

HELICWTER: ASTAR HELICOTER: ASTAR

TEST DATE: 6-8-83 TEST DATE: 6-8-83

OIEMTIN: IGAO TAKEOFF OPERTIOIN: STMWO TAKEO

HIC. 5-4 HIC. 5-4

LJefT NO. KP(AL) KP(SEL) W!JBET NO. KP(AL) KP(SEL)

EIO 17.8 8.9 649 20.6 10.1
Ell 29.5 16.4 650 M NA
"E12 IA NA 651 21.3 13.5
E13 18.4 14.7 652 21.5 12.3
E14 18.9 12.4 653 18.7 12.5
E15 19.3 10.3 654 21 11.5
El6 M NA
El? 12.4 6.7 NOW 20.6 12

AVEW6E 19.4 11.6 STD. DEV 1.14 1.28

,ST. DEV 5.59 3.64 9V. C.I. 1.08 1.22

9--. C . 4.60 2.99

Table 9.11 Table 9.12

Summary Table of Propagation Summary Table for Takeoff Operation--AL Metric
Constants for Two Takeoff Operations

Propagation
ICAO Takeoff 19.4 Helicopter Constant (K)
Sta.dard Takeoff 20.6

Bell 222 NA

Average 20 Aerospatiale 20.06
Dauphin 2

Hughes 500D 21.15

Aerospatiale 24.4
TwinStar

Aerospatiale 20
AStar

Average 21.40
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TABLE 9.13

ASTAR

LEVEL FLYOVER PtOPARMTION--1.

AL
OPIERTION 1IC 5 NIC I HIC 4 UEIGHTED

AVEIRGE

6 6 6
500' (0.9Vh) AVG AL= 75.3 75.6 74.8 75.23

ST) DEV= .3 1 .6

= 4 4 4
10600 (0.9Mh) AVC AL= 69.9 70 69.8 69.90

STD DEW= .9 .7 1.7

K= AdB / LOG(1072.9 / 577.69) AdB 5.33

K= 5.33 / .2841664

SK= 18.77

A.°%

TABLE 9.14

SIN.I-R FOR LEVEL FLYMOER OPERATION

AL METRIC

HELICOPTER PROPA6ATION CONSTANT (K)

BELL 222 21.08

AEROSPATIALE
DAUPHIN 2 21.40

HU6HES 5000 20.81

AEROSPATIALE
TWINSTAR 20.19

AEROSPATIALE
ASTAR 18.77

AVERA6E 20.45
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TABLE 9.15

ASTAR

LEVEL FLYMOER PROPMMTION-EMI

"" OPERATION "IC 5 NIC I MIC 4 EIWfhTED

:-: = 6 6 6

500' (0.W) JAV6 EUL= 86.4 86.5 85.5 86.13
"STO DEV- .3 .7 .4

. N= 4 4
1000' (O.M) AVG EFNL= NA 92 92 82.40f

STD-DEV= NA .2 d

K= Ad6 / L06(I072.9 / 557.69) A& 3.73

K= 3.73 / .2841664

SK= 13.14

"* CALCULATED FROM SITES I AND 4

TABLE 9.16

S4•~ TAKLE FOR EFNL

HELICOPTER PROPFATION COHSTANT (K)

• BELL 222 14.33

AEROSPATIALE
0W IN 2 18.67

HUGHES 500D 14.98

AEROSPATIALE
- INSTAR 13.84

AEROSPATIALE
ASTAR J 3.14

-.:.

AVERAGE = 14.96
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APPENDIX A

Magnetic Recording Acoustical Data and Duration Factors
for Flight Operations

This appendix contains magnetic recording acoustical data acquired during
flight operations. A detailed discussion is provided in Section 6.1 which
describes the data reduction and processing procedures. Helpful cross
references include measurement location layout, Figure 3.3; measurement
equipment schematic, Figure 5.4; and measurement deployment plan, Figure
5.7. Tables A.a and A.b which follow below provide the reader with a
guide to the structure of the appendix and the definition of terms used
herein.

TABLE A.a

The key to the table numbering system is as follows:

Table No. A. 1-1.

Appendix No.

Helicopter No. & Microphone Location

Page No. of Group

Microphone No. 1 centerline-center
1G centerline-center(flush)
2 sideline 492 feet (150m) south
3 sideline 492 feet (150m) north
4 centerline 492 feet (150m) west
5 centerline 617 feet (188m) east



TABLE A.b

Deiinitions

A brief synopsis of Appendix A data column headings is presented.

EV Event Number

.1.. SEL Sound Exposure Level, the total sound energy measured
within the period determined by the 10 dB down duration
of the A-weighted time history. Reference duration,
1-second.

ALm A-weighted Sound Level(maximum)

SEL-ALm Duration Correction Factor

K(A) A-weighted duration constant where:

K(A) = (SEL-ALm) / (Log DUR(A))

Q Time History Shape Factor, where:

Q = ( 10 0."(SEL-ALm) / (DUR(A))

EPNL Effective Perceived Noise Level

PNLm Perceived Noise Level(maximum)

PNLTm Tone Corrected Perceived Noise Level(maximum)

K(P) Constant used to obtain the Duration Correction for
EPNL, where:

K(P) = (EPNL-PNLTm + 10) / (Log DUR(P))

OASPLm Overall Sound Pressure Level(maximum)

DUR(A) The 10 dB down Duration Time for the A-weighted time
history

DUR(P) The 10 dB down Duration Time for the PNLT time history0

TC Tone Correction calculated at PNLTm

Each set of data is headed by the site number, microphone location and
"test date. The target reference condtions are specified above each aata
subset.

r-



TABLE NO. A.3-1.1

AEROSATIALE AS-3500 AELICTER (ASTAR) DOI/TSC
3/28/84

SUmNY NOISE LEVEL DATA

AS MEASURED i

SITE: I CENITERLINE - Cri"ER JUNE 8,1993

EV SEL ALI SEL-ALN K(A) 9 EPW PN1. PN.Ti K(P) OASPLa DUR(A) DUR(P) TC

TAKEOFF -- TARGET IAS 63 InHCAO)

Ell 84.2 72.6 11.6 7.9. 0.5 87.2 84.3 86.6 7.7 78.5 29.5 24.0 2.3
E12 83.0 73.7 9.3 6.9 0.4 86.7 86.1 08.2 6.7 80.2 72.0 18.5 2.3
E13 93.4 74.3 9.1 7.0 0.4 87.1 86.1 88.2 7.0 80.4 20.5 18.5 2.1
E15 83.2 73.3 9.9 6.9 0.4 86.7 86.2 98.3 6.4 90.4 27.5 21.0 2.1
E16 82.9 72.4 10.5 7.5 0.4 86.7 64.4 96.8 7.1 79.0 25.5 25.0 2.6
E17 84.3 75.2 9.1 6.9 0.4 87.4 86.7 U8.7 6.7 79.8 21.0 19.5 2.0

Avg. 83.5 73.6 9.9 7.2 0.4 67.0 95.6 87.8 6.9 79.7 24.3 21.1 2.2
Std Dv 0.6 1.0 1.0 0.4 0.0 0.3 1.0 0.9 0.4 0.8 3.7 2.8 0.2
907 CI 0.5 0.9 0.8 0.3 0.0 0.2 0.8 0.7 0.4 0.6 3.1 2.3 0.2

6 DEGREE APPROACH - TARGET iAS 63 NPH (ICAO)

Fl 91.5 83.1 8.5 7.5 0.5 94.5 95.3 96.6 7.2 91.1 13.5 12.5 1.3
F2 91.6 03.4 8.2 7.1 0.5 94.4 94.9 95.8 7.5 90.3 14.0 14.0 0.9
F3 91.9 82.5 9.3 8.0 0.6 94.4 94., 95.4 7.8 9t.6 14.5 14.0 1.0
F4 91.7 84.0 7.8 6.7 0.4 94.4 96.0 96.9 6.7 92.5 14.5 13.5 0.9
F5 91.3 82.5 6.8 7.5 0.5 94.0 95.2 96.0 7.0 90., 15.0 14.0 0.9
F6 91.6 82.6 9.0 7.5 0.5 94.2 94.5 95.4 7.4 91.1 16.0 15.5 1.2
FS ".4 61.7 8.7 7.3 0.5 92.9 92.5 93.3 8.1 87.4 15.5 15.5 0.9
F9 91.2 82.5 8.6 7.4 0.5 93.7 94.4 95.4 7.4 90.0 14.5 13.0 1.1

Avg. 91.4 92.8 6.6 7.4 0.5 94.1 94.7 95.6 7.4 90.5 14.7 14.0 1.0
Std Dv 0.5 0.7 0.5 0.4 0.1 0.5 1.0 1.1 0.4 1.4 0.8 1.1 0.2
90Z CI 0.3 0.5 0.3 0.3 0.0 0.4 0.7 0.7 0.3 0.9 0.5 0.7 0.1

N - OISE INOEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TERPERATUi.tHIDITYIOR AIRCRAFT DEVIATION FROIN REF FLIN1T TRACK



TABLE NO. A.3-1.2

AEROSPATIALE N;-3500 HELICOPTER (ASTAR) )OT/TSC
3128184

SMHIARY NOISE LEVEL. DATA
-AS HEASURED'

SITE: 1 CENTERLINE - CENTER JUNE 8,1983

EV SEL AL. SEL--ANi K(A) 9 EPHI PHMI PNLTs K(P) OASPLs DIR(A) D)UR(P) TC

500 FT. FLYOVER - TARGET IAS 143 1P

N141 84.1 77.0 7.1 6.9 0.5 67.2 98.6 9M.0 7.1 05.9 10.5 10.5 1.2
1N42 64.0 76.4 7.6 7.1 0.5 87.0 87.8 89.0 7.2 85.0 12.0 13.0 1.2
N43 05.1 77.6 7.5 7.2 0.5 98.4 V*.0 91.5 6.7 87.6 11.0 10.5 1.5
144 84.1 76.4 7.7 6.8 0.4 87.2 87.9 89.2 7.1 85.9 13.5 13.5 1.2

Avg. 64.3 76.8 7.5 7.0 0.5 87.4 98.6 89.9 7.0 96.1 11.7 11.9 1.3
"SWdDy 0.5 0.6 0.3 0.2 0.0 0.6 1.0 1.1 0.2 1.1 1.3 1.6 0.2
90M C! 0.6 0.7 0.4 0.2 0.0 0.7 1.2 1.3 0.2 1.3 1.6 1.9 0.2

500 FT. FLYOVER - TARGET IAS 130.5 NPH

A22 92.9 75.3 7.6 7.1 0.5 85.9 86.9 88.4 7.0 83.7 12.0 12.0 1.5
#23 82.6 76.0 6.6 5.8 0.3 95.8 97.8 89.0 6.0 63.7 13.5 13.5 1.1
A24 83.5 76.2 7.3 6.6 0.4 86.8 99.2 89.6 6.7 84.9 13.0 12.0 1.7
A25 83.5 75.7 7.8 6.7 0.4 86.8 V7.6 8B.7 6.5 83.9 14.5 17.5 1.1
A26 84.0 76.7 7.3 6.3 0.4 67.5 8B.6 90.1 6.5 84.6 14.0 13.5 1.7
A27 93.0 73.9 9.1 7.0 0.4 86.1 85.8 87.0 7.0 83.0 19.5 20.0 1.2

Avg. 93.2 75.6 7.6 6.6 0.4 86.5 87.5 88.8 6.6 84.0 14.4 14.7 1.4
-a- Std Dv 0.5 1.0 0.8 0.5 0.0 0.7 1.0 1.1 0.4 0.7 2.6 3.3 0.3

M90 CI 0.4 0.9 0.7 0.4 0.0 0.5 0.8 0.9 0.3 0.6 2.2 2.7 0.2

500 FT. FLYOVER -- TARGET IAS 116 MPH

828 81.9 75.5 6.4 5.4 0.3 85.4 87.5 80.1 5.6 82.1 15.5 13.0 1.6
929 ------ NO DATA
B30 82.1 74.6 7.6 6.5 0.4 85.4 86.4 88.2 6.1 81.8 14.5 13.5 1.8
B31 81.7 73.0 8.7 7.5 0.5 95.0 85.3 96.9 7.1 80.6 14.5 14.0 1.5

Avg. 21.9 74.3 7.6 6.5 0.4 85.2 96.4 88.1 6.4 81.5 14.8 13.5 1.6
Std Dv 0.2 1.3 1.1 1.0 0.1 0.2 1.1 1.1 0.7 0.8 0.6 0.5 0.2
901 CI 0.4 2.1 1.9 1.8 0.2 0.4 1.8 1.9 1.2 1.3 1.0 0.6 0.3

500 FT. FLYOVER -- TARGET IAS 1)1.5 NIUH

C32 82.4 73.4 9.0 7.2 0.4 95.7 85.3 88.0 6.4 80.2 18.0 16.0 2.8
C33 83.1 76.0 7.1 6.5 0.4 86.0 87.7 88.6 6.8 82.1 12.0 12.0 0.9
C34 92.6 74.4 8.2 6.7 0.4 95.9 86.2 87.4 6.9 80.7 17.0 17.0 1.2
C35 82.3 74.0 8.2 6.6 0.4 85.9 86.2 87.0 7.0 81.1 17.5 18.5 1.9
C36 82.7 73.6 9.1 7.5 0.5 95.8 96.0 96.9 7.3 82.6 16.0 16.5 0.9

Avg 82.6 74.3 8.3 6.9 0.4 95.8 86.3 87.6 6.9 81.3 16.1 16.0 1.5
Std Dv 0.3 1.0 0.8 0.4 0.1 0.1 0.9 0.7 0.3 1.0 2.4 2.4 0.8
"I90 CI 0.3 1.0 0.8 0.4 0.0 0.1 0.9 0.7 0.3 0.9 2.3 2.3 0.8

500 FT. FLYOVER - TARGET IAS 86 NPH

""145 83.9 75.1 9.7 6.1 0.3 86.8 87.4 88.5 6.8 82.1 27.0 16.5 1.1
M6 92.4 74.4 8.0 6.5 0.4 85.9 86.4 87.7 6.5 79.8 17.5 17.5 1.4
",4M7 91.9 73.2 8.8 7.4 0.5 95.1 85.2 86.5 7.3 80.1 15.5 15.0 1.3
148 92.3 73.4 6.9 7.2 0.5 85.4 85.1 86.2 7.5 80.2 17.0 17.0 1.1

Avo. 82.6 74.0 9.6 6.8 0.4 95.8 86.0 87.2 7.0 80.6 19.2 16.5 1.2
SOr 0.9 0.9 0.4 0.6 0.1 0.7 1.1 1.1 0.4 1.1 5.2 1.1 0.1

M90 C! 1.0 1.1 0.5 0.7 0.1 0.9 1.3 1.3 0.5 1.3 6.2 1.3 0.2



:v' .-

0 ITABLE 00. A.3-1.3

AEROSPATIALE AS-3500 HELICOPTER (ASTAR) OOT/TSC
31281/4

SU"MARY NOISE LEVEL DATA

AS IIEASURED'

SITE: 1 CENTERLINE - CENTER JUNE 8,1983

EY SEL AL& SEL-ALa K(A) 9 EPHL PIa PIl.7 K(P) OASPLa DURCA) DURMP) TC

1000 FT. FLYOVER -- TAIRET lAK 130.5 MPH

-37 79.8 71.0 8.9 6.6 0.3 82.9 82.7 84.4 6.8 80.1 22.5 18.0 1.7
038 90.5 70.1 10.3 7.5 0.4 83.0 81.6 82.9 7.4 78.0 24.0 24.0 1.3
D39 80.0 69.7 10.3 7.3 0.4 92.7 81.4 92.4 7.4 79.6 26.0 25.5 1.0
040 79.9 69.3 10.5 7.5 0.4 82.5 90.6 91.9 7.4 77.7 26.0 27.0 1.3

Avg. 60.0 70.0 10.0 7.2 0.4 82.8 91.6 82.9 7.2 78.8 24.6 23.6 1.3
Std Dv 0.3 0.7 0.8 0.4 0.0 0.2 0.8 1.1 0.3 1.2 1.7 3.9 0.3
90! CI 0.3 0.8 0.9 0.5 0.1 0.3 1.0 1.2 0.3 1.4 2.0 4.6 0.3

TAKEOFF -- TARGET IAS 63 IPH (HULTI-SEG SEE TEXT)

849 85.8 77.0 8.8 7.1 0.4 88.5 88.4 90.2 6.8 81.0 17.5 16.5 1.9
650 95.9 76.4 9.5 7.4 0.5 88.6 87.6 89.8 6.9 80.1 19.5 19.0 2.2
651 84.5 74.7 9.8 7.6 0.5 87.2 85.9 87.7 7.4 79.1 19.5 19.0 2.0
6552 95.8 76.7 9.1 7.2 0.5 88.3 87.8 89.4 7.4 80.2 18.0 15.5 1.7
6553 84.8 75.8 9.0 7.4 0.5 87.4 66.8 88.7 7.1 90.4 17.0 17.0 1.9
654 94.9 76.3 8.6 7.3 0.5 87.6 87.3 88.8 7.5 90.8 15.0 15.0 2.0

.Av. 95.3 76.1 9.1 7.3 0.5 87.9 87.3 89.1 7.2 80.3 17.7 17.0 2.0
- Std Dv 0.6 0.8 0.4 0.2 0.0 0.6 0.9 0.9 0.3 0.7 1.7 1.7 0.2

"I0! Cl 0.5 0.7 0.4 0.1 0.0 0.5 0.7 0.7 0.2 0.6 1.4 1.4 0.2

"9 DEGREE APPROACH - TARGET IAS 63 MPH

HIS 90.5 83.0 7.4 7.0 0.5 93.1 94.8 95.8 7.1 90.8 11.5 11.0 1.0
"H19 97.4 79.1 8.3 6.8 0.4 89.9 91.2 91.7 6.7 95.9 16.5 16.0 0.5
LH20 88.9 81.3 7.6 6.6 0.4 91.4 93.1 94.1 6.5 89.0 14.5 13.5 1.0
H21 96.7 79.1 7.6 6.3 0.4 89.5 91.4 92.1 6.9 86.4 16.5 11.5 0.6

* Avg. 88 4 80.6 7.7 6.7 0.4 91.0 02.6 93.4 6.8 88.0 14.7 13.0 ".8
Std Dv 1.7 1.9 0.4 0.3 0.1 1.7 1.7 1.9 0.3 2.3 2.4 2.3 0.2
90- Ci 1.9 2.2 0.4 0.4 0.1 2.0 2.0 2.2 0.3 2.7 2.8 2.7 0.3

N* - OISE INDEXES CALCULATED USIN6 NEASURED DATA UNCORRECTED
FOR IENPERAIUREIHUMIDITY,DR AIRCRAT DEVIATION FRON PEF FLIGHI TRACK



7ABLE NO. A.3-16

AEROSPATIALE AS-350D HELICOPME (ASIMR) DOTITSC

MWINR NOISE LEYI. DATA 321

AS MEASURED

SITE: 16 CENTERLINE-CENTR (FLUSH) JUNE S,1983

EY SEL ALa SEL-MKa K(A) 0 EPIB. PNta lILTs KMP OASPLa D013(A) OURMP TC

NO DMAT



TABE NO. A.3-2.1

AEROSMATIALE AS-M501 IELICOPTER (ASTAR) DOT/TSC
3/28/84

SUL4ARY NOISE LEVEL DATA

AS IEASURED'

SITE: 2 SIDELINE - 150 N. SOUTH JUNE 9,1983

EV SEL .AL SEL-AL. K(A) 0 EPNL PNLN. PNLT% K(P) DASPt. DOR(A) DIJR(P) TC

TAKEOFF - TMGET IAS 63 WI (ICAO)

Ell 85.6 74.3 11.3 7.9 0.5 - 85.3 87.6 - 79.4 26.5 - 2.4
E12 NO DATA
E13 65.9 76.3 9.6 7.2 0.4 - 97.0 89.0 - 81.8 21.5 - 2.0
E15 84.8 73.8 11.0 7.6 0.5 87.2 05.4 87.5 7.0 81.4 27.5 24.5 2.1
E16 85.2 73.5 11.6 7.9 0.5 87.5 84.4 87.0 7.4 90.0 29.5 26.5 2.6
E17 84.7 73.6 11.2 7.5 0.4 87.3 84.9 97.7 6.7 80.2 31.0 27.0 2.8

*Avg. 95.2 74.3 10.9 7.6 0.5 87.3 85.4 87.8 7.0 90.5 27.2 26.0 2.4
Std Dv 0.5 1.1 0.8 0.3 0.0 0.2 1.0 0.7 0.4 1.0 3.6 1.3 0.3
""90 CI 0.5 1.1 0.7 0.3 0.0 0.3 0.9 0.7 0.6 0.9 3.5 2.2 0.3

6 DEGREE WPROACH - TARSET IAS 63 NH (ICAD)

Fl 84.5 74.5 10.0 6.7 0.3 87.3 86.7 8e.3 7.0 81.7 31.0 19.0 1.6
F2 83.8 73.4 10.4 7.3 0.4 86.9 95.7 87.0 7.2 81.2 26.5 23.0 1.3
F3 84.1 73.6 10.5 7.2 0.4 86.9 85.9 87.2 7.2 80.9 28.5 22.0 1.4
F4 - NO DATA
F5 83.7 74.0 9.7 7.1 0.4 86.9 86.4 87.8 6.7 81.3 23.5 22.5 1.4
F6 83.2 72.7 10.5 8.1 0.6 - 95.0 86.4 - 92.6 19.5 - 1.4
S8 84.6 74.2 10.4 7.2 0.4 87.4 86.0 97.6 7.0 90.8 28.5 25.0 1.6

F9 93.7 73.5 10.2 7.1 0.4 86.8 85.7 86.9 6.9 82.1 28.0 27.0 1.2

Avg. 64.0 73.7 10.3 7.2 0.4 V7.0 95.9 87.3 7.0 81.5 26.5 23.1 1.4
Std Dv 0.5 0.6 0.3 0.4 0.1 0.3 0.5 0.6 0.2 0.6 3.8 2.7 0.1
901 CI 0.4 0.4 0.2 0.3 0.1 0.2 0.4 0.5 0.2 0.5 2.8 2.2 0.1

i - NOISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEIIPERATUREIIMIDITYgOR AIRCRAT DEVIATION FRON REF FLIGHT TRACK

7



TABLE NO. A.3-2.2

AERONPATIALE AS-3500 HELICOPTER (ASTAR) DOT/TSC
3/28/84

SUIIMARY NOISE LEVEL DATA

AS HEASIURED

SITE: 2 SIDELI1E - 150 N. SOUTH JiNE 9,1983

""V SEL ALa SEL-ALa K(A) 9 EPNL PNLs PHLTa K(P) OASPLI DUR(A) OUR(P) TC

500 FT. FLYOVER -- TARGET IAS 143 MPH

N41 83.2 75.6 7.7 6.9 0.4 85.8 96.6 87.9 6.7 96.4 13.0 15.0 1.8
N42 82.2 74.0 8.2 6.9 0.4 85.2 85.1 86.7 6.5 86.5 15.5 20.0 1.6
N43 84.9 77.1 7.7 6.9 0.5 87.3 89.0 90.1 6.7 88.5 13.0 12.0 1.5
N44 93.6 74.8 9.8 7.1 0.4 95.6 85.4 86.2 7.4 87.1 17.0 18.5 0.9

Av . 93.5 75.4 8.1 7.0 0.4 86.0 86.5 87.7 6.8 97.1 14.6 16.4 1.4
"SA Ov 1.1 1.3 0.5 0.1 0.0 0.9 1.8 1.7 0.4 1.0 2.0 3.6 0.4
90M CI 1.3 1.6 0.6 0.1 0.0 1.1 2.1 2.0 0.5 1.1 2.3 4.2 0.5

500 FT. FLYOVER -- TARGET IAS 130.5 IMP

A22 83.3 75.6 7.7 6.7 0.4 95.6 97.0 80.2 6.6 84.5 14.0 13.5 1.3
A23 81.9 74.1 7.8 6.8 0.4 84.4 84.5 95.4 6.4 63.9 14.0 26.0 0.9
A24 85.7 76.3 7.3 6.2 0.4 86.0 87.2 89.4 6.5 84.7 15.0 15.0 1.1
A25 81.4 72.7 8.7 6.8 0.4 93.5 83.1 84.2 7.2 83.9 19.0 20.0 1.3
A26 83.2 75.3 7.9 7.0 0.5 85.7 86.9 98.5 6.5 94.1 13.5 12.5 1.7
A27 81.6 74.0 7.5 6.4 0.4 83.8 84.6 95.9 6.6 83.8 15.0 15.5 1.4

,. . 92.5 74.7 7.8 6.7 0.4 84.8 85.5 86.8 6.6 84.1 15.1 17.1 1.3
Std Dy 1.0 1.3 ).5 0.3 0.0 1.1 1.7 1.8 0.3 0.4 2.0 5.1 0.3
"90Z C! 0.8 1.1 0.4 0.2 0.0 0.9 1.4 1.5 0.2 0.3 1.7 4.2 0.2

500 FT. FLYOVER - TARGET IAS 116 NPH

828 82.3 74.2 8.1 7.0 0.4 84.6 85.3 86.5 6.9 81.8 14.5 15.0 1.2
929 81.7 73.0 9.6 7.0 0.4 93.7 83.9 84.6 7.0 80.9 17.5 20.0 0.7
830 82.6 74.6 8.0 6.7 0.4 84.8 85.6 86.9 6.6 82.6 15.5 15.5 1.3

Avg. 82.2 74.0 8.2 6.9 0.4 84.4 84.9 86.0 6.8 91.8 15.9 16.8 1.1
"dD 0.5 0.8 0.4 0.2 0.0 0.5 0.9 1.2 0.2 0.8 1.5 2.8 0.3

901 CI 0.8 1.4 0.6 0.3 0.0 0.9 1.5 2.0 0.3 1.4 2.6 4.6 0.5

500 FT. FLYOVER -- TARGET IAS 101.5 WN

C32 81.1 72.9 8.2 6.9 0.4 93.4 84.0 85.3 6.8 79.7 15.5 16.0 1.3
C33 - NO DATA
C34 90.4 71.4 9.0 7.0 0.4 82.6 82.6 83.6 7.0 79.7 19.5 19.0 1.0
C35 92.1 73.1 9.9 7.1 0.4 - 94.7 85.9 - 90.0 18.0 - 1.2
C36 90.2 71.1 9.1 6.9 0.4 82.1 82.0 83.1 6.8 79.9 21.0 21.0 1.1V A 80.9 72.1 8.8 7.0 0.4 82.7 83.3 84.5 6.8 90.0 18.5 18.7 1.1

"Dv 0.8 1.0 0.4 0.1 0.0 0.7 1.2 1.3 0.1 0.5 2.3 2.5 0.1
M90 Cl 1.0 1.2 0.5 0.1 0.0 1.2 1.4 1.6 0.2 0.6 2.8 4.2 0.1

500 FT. FLYOVR -- TARGET IAS 86 IPH

945 80.0 73.1 6.8 5.9 0.3 - 83.5 95.3 - 79.8 14.0 - 1.8
N46 81.3 71.0 10.3 7.6 0.5 93.6 82.0 83.7 7.4 79.1 22.5 22.0 1.9
1147 81.6 72.6 8.9 7.0 0.4 83.9 83.1 64.9 7.1 80.4 18.5 18.0 1.8
M8 80.7 70.6 10.1 6.9 0.3 82.8 92.1 83.3 7.0 79.1 29.5 22.0 1.2

. 00.9 71.8 9.0 6.9 0.4 83.4 82.7 84.3 7.2 79.6 21.1 20.7 1.7
"S D 0.7 1.2 1.6 0.7 0.1 0.6 0.8 1.0 0.2 0.6 6.6 2.3 0.3
90Z Cl 0.8 1.5 1.9 0.8 0.1 1.0 0.9 1.1 0.3 0.7 7.7 3.9 0.4

4



TABLE NO. A.3-2.3

AEROSPATIM.E AS-350D HELICOPTER (ASTAR) DOT/TSC
3/29/64

SU I.ARY NOISE LEVEL DATA

AS NEASURED *

SITE: 2 SIDELINE - 150 N. SOUTH JUE 8,1983

EV SEL AL& SEL-A.S K(A) 9 EPIL PMel PMb.1 K(P) OASPL (A) DUR(P) 1C

1000 FT. MOVER - TARGET IAS 130.5 NPI

037 79.1 69.2 9.8 6.9 0.4 81.2 80.7 82.3 7.0 79.6 27.0 18.5 1.6

D38 79.6 69.0 10.7 7.3 0.4 81.5 79.5 80.4 7.6 79.9 29.0 29.5 0.9

039 78.8 68.8 10.0 7.4 0.4 81.6 81.1 82.7 6.7 79.7 22.5 21.0 1.3
040 79.5 68.7 10.6 7.5 0.4 81.3 79.1 80.2 7.6 79.6 27.5 28.5 1.4

Avg. 79.2 68.9 10.3 7.3 0.4 81.4 90.1 81.4 7.2 79.7 26.5 24.4 1.3

Std Dv 0.4 0.2 0.5 0.3 0.0 0.2 1.0 1.3 0.4 0.1 2.8 5.5 0.3

90m Ci 0.5 0.3 0.5 0.3 0.0 0.2 1.1 1.5 0.5 0.2 3.3 6.4 0.4

TAKEOFF -- TARGET IAS 63 iFPH (NWLTI-SEG SEE TEXT)

649 84.8 74.4 10.4 7.8 0.5 - 85.3 66.9 - 81.1 21.5 - 1.6

650 84.8 73.5 11.3 7.6 0.4 97.1 84.6 87.1 6.8 80.3 30.5 29.5 2.5

- 651 85.0 74.8 10.2 7.3 0.4 87.2 85.3 87.8 7.0 81.1 24.5 22.5 2.6

652 84.5 73.7 10.7 7.8 0.5 96.9 85.1 87.7 6.9 90.8 23.5 21.5 2.6

653 93.9 72.9 11.0 7.8 0.5 86.0 84.1 86.2 7.2 79.6 25.0 23.0 2.1

654 84.4 74.1 10.3 7.6 0.5 86.9 85.3 87.5 7.1 80.6 22.0 20.0 2.3

Avg. 84.6 73.9 10.6 7.7 0.5 86.8 84.9 87.2 7.0 80.6 24.5 23.3 2.3

Std Dv 0.4 0.7 0.4 0.2 0.0 0.5 0.5 0.6 0.2 0.6 3.2 3.7 0.4

M90 C! 0.3 0.6 0.4 0.2 0.0 0.5 0.4 0.5 0.2 0.5 2.7 3.5 0.3

"9 DEGREE APPROACH - TARGET IAS 63 MPR

HIS 83.2 71.9 11.3 7.5 0.4 86.0 84.6 86.1 7.1 81.8 32.0 24.5 1.5

H19 82.9 72.6 10.3 7.2 0.4 85.3 83.6 84.8 7.3 82.0 27.0 27.0 1.2

H20 82.8 72.4 10.4 7.7 0.5 65.4 84.4 85.? 7.4 81.7 22.5 19.5 1.4

H21 82.8 73.5 9.4 6.4 0.3 85.2 84.3 85.7 6.5 81.0 29.0 28.0 1.4

Avg. 82.9 72.6 10.3 7.2 0.4 85.4 84.2 85.6 7.1 81.6 27.6 24.7 1.4

Std Dv 0.2 0.7 0.8 0.6 0.1 0.4 0.4 0.6 0.4 0.5 4.0 3.8 0.1

M90 C! 0.2 0.8 0.9 0.7 0.1 0.4 0.5 0.7 0.5 0.5 4.7 4.5 0.2

N - OISE INDEXES CALCULATED USING NEASUREO DATA UNCORRECTED
FOR TEMPERATUREHUMIDITYoOR AIRCRAFT DEVIATION FRON REF FLIGHT TRACK
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TABLE NO. A.3-3.1

AEROSPATIALE AS-350D 1ELIC.PTER (ASTAR) DOTUTSC
3/29/84

SIJNARY NOISE LEVEL DATA

AS IEASURED'

SITE: 3 SIDELINE - 150 N. NORTH JUE 8,1983

EV SEL AL. SEL-AL. K(A) 0 EPNL PkI PHLT., K(P) OASP•s DUR(A) IR(P) TC

.4. TAKEOFF - TARGET IAS 63 NPH (ICAO)

Eli 84.8 73.5 M1.2 8.0 0.5 87.6 84.8 87.2 7.9 79.1 25.5 21.0 2.5
E12 84.5 74.6 10.0 7.7 0.5 86.1 84.4 86.1 7.7 79.3 20.0 20.0 1.8
E13 95.2 76.4 8.7 6.6 0.3 87.2 86.4 88.9 6.8 80.4 21.5 16.5 2.5
E15 84.8 75.8 9.0 7.1 0.4 86.8 85.5 88.1 6.9 79.6 18.5 18.0 2.6
E16 85.4 75.2 10.1 7.2 0.4 87.6 84.9 87.6 7.3 79.2 25.5 23.0 2.7
E17 84.4 74.1 10.2 7.0 0.4 86.7 84.6 87.4 7.3 79.9 29.5 18.5 2.8

Avg. 84.8 75.0 9.9 7.2 0.4 87.0 85.1 87.5 7.3 79.6 23.4 19.5 2.5
Std Dv 0.4 1.1 - 0.9 0.5 0.1 0.6 0.7 0.9 0.4 0.5 4.1 2.3 0.4
90M Ci 0.3 0.9 0.7 0.4 0.1 0.5 0.6 0.8 0.3 0.4 3.4 1.9 0.3

6 DEGREE APROACH - TARGET 1AS 63 NPI (ICAO)

Fl 87.0 78.9 8.1 7.0 0.4 89.7 89.5 91.3 7.3 85.7 14.5 14.5 1.8
F2 85.5 75.1 10.4 7.3 0.4 87.8 86.1 98.4 6.9 83.6 26.0 22.5 2.3
F3 85.2 76.1 9.0 7.1 0.4 88.0 87.6 89.8 6.6 84.2 19.0 17.0 2.2
F4 85.7 76.4 9.3 7.0 0.4 88.2 87.5 89.2 7.3 84.8 21.0 17.5 1.7
F5 85.9 76.5 9.4 7.3 0.5 88.3 87.7 89.7 7.0 84.8 19.0 17.0 2.0
F6 85.6 77.6 8.0 6.7 0.4 08.2. 87.9 89.8 7.0 84.1 16.0 15.5 2.2
FO 85.6 77.5 8.0 5.9 0.3 88.1 87.6 88.9 6.8 84.0 23.0 23.5 1.2
F9 86.3 76.2 10.1 7.1 0.4 89.0 87.6 89.2 6.9 84.5 26.5 26.0 1.6

Avg. 85.8 76.8 9.0 6.9 0.4 88.4 87.7 89.5 7.0 84.5 20.6 19.2 1.9
Std Dv 0.6 1.2 0.9 0.5 0.1 0.6 0.9 0.9 0.2 0.6 4.4 4.2 0.4
M90 CI 0.4 0.8 0.6 0.3 0.0 0.4 0.6 0.6 0.2 0.4 2.9 2.8 0.2

- - NOISE INDEXES CALCLATED USING MEASURED DATA WICORRECTED
FOR TEIPERATUIMEHUNIDITYOR AIRCRAFT DEVIATION FROIN REF FLIGHT TRACK
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ITABLE NO. A.3-3.2
-"AEROSPATIE AS-3500 HELICOPTER (ASTR) O0/TSC

3/29184
,SUNIRY NOISE LEVEL DATA

AS NEASUIRED'

I SITE: 3 SIDELINE - 150 I. NORTH JUNE 8,1903

-E SEL N.m SEL-AL. K(A) 9 EPNL PNL& PNLl. K(P) OASPLa DUR(A) DUR(P) TC

500 FT. FLYOVER -- TARGET IAS 143 NPH

""N1 - NO DATA
"N42 84.3 75.9 8.4 7.1 0.5 86.5 86.7 88.0 7.2 95.4 15.0 15.0 1.3
-43 03.1 75.8 7.4 6.7 0.4 85.3 86.3 67.1 6.8 86.1 12.5 16.0 0.9
"144 84.3 76.2 8.1 6.8 0.4 86.7 87.0 88.3 7.0 86.0 15.5 16.0 1.3

8v.. 93.9 76.0 8.0 6.9 0.4 86.2 86.7 87.9 7.0 85.8 14.3 15.7 1.2
St yDv 0.7 .. 2 0.5 0.2 0.0 0.7 0.4 0.6 0.2 0.4 1.6 0.6 0.2

90M CI 1.1 0.4 0.9 0.4 0.0 1.2 0.6 1.0 0.3 0.7 2.7 1.0 0.4

500 FT. FLYOVER -- TARGET IAS 130.5 Wt

A22 91.4 74.1 7.3 6.3 0.4 83.7 84.7 86.0 6.5 81.9 14.5 15.0 1.5
A23 83.0 74.5 8.4 7.4 0.5 85.7 86.9 87.9 6.9 85.4 14.0 13.5 0.9
A24 81.9 74.3 7.5 6.7 0.4 83.9 05.0 86.2 6.8 83.3 13.5 13.5 1.1
A25 82.7 74.3 9.4 7.2 0.5 85.0 05.1 86.4 7.4 83.7 15.0 14.5 1.6
A26 ---- NO DATA
A27 92.7 74.7 9.0 6.6 0.4 85.3 85.5 87.2 6.4 82.6 16.0 19.0 1.7

Avg. 82.3 74.4 7.9 6.8 0.4 84.7 85.5 86.7 6.8 83.4 14.6 15.1 1.4
*- Std Dv 0.7 0.3 0.5 0.4 0.1 0.9 0.? 0.8 0.4 1.4 1.0 2.3 0.3

90Z CI 0.6 0.2 0.5 0.4 0.0 0.8 0.6 0.7 0.4 1.3 0.9 2.2 0.3

500 FT. FLYOVER -- TARGET !AS 116 WH

"828 80.3 72.3 8.0 6.9 0.4 82.9 93.0 84.2 6.5 79.4 14.5 21.5 1.2
829 82.8 74.3 8.5 7.0 0.4 85.2 84.9 86.5 7.0 91.1 16.5 17.5 1.6
830 81.5 72.9 8.7 7.4 0.5 83.2 83.8 84.4 7.4 79.7 15.0 15.5 0.6
931 82.7 74.4 8.4 7.0 0.4 85.1 84.9 86.7 7.0 81.3 15.5 16.0 1.7
Avg. 81.8 73.4 9.4 7.1 0.4 84.1 84.2 85.4 7.0 80.4 15.4 17.6 1.3
Std Dv 1.2 1.1 0.3 0.2 0.0 1.2 0.9 1.3 0.4 0.9 0.9 2.7 0.5

"IZ CI 1.4 1.2 0.3 0.2 0.0 1.4 1.1 1.5 0.4 1.1 1.0 3.2 0.6

500 FT. FLYOVER - TARGET IAS 101.5 NlPH

• C32 82.6 73.2 9.4 7.0 0.4 84.6 63.6 85.1 7.1 80.1 21.5 21.0 1.5
C33 NO DATANODAT
C34 81.9 72.3 9.6 7.3 0.4 84.3 83.3 84.8 7.5 81.0 20.5 19.0 1.9
C35 81.6 71.1 10.5 7.2 0.4 94.9 82.6 93.7 7.3 79.2 29.0 34.0 1.9
C36 82.0 72.8 9.1 6.8 0.4 84.5 84.1 95.3 6.8 81.5 22.5 22.0 1.3

AV 82.0 72.4 9.6 7.1 0.4 84.6 83.4 84.7 7.2 80.5 23.4 24.0 1.7
Si-Dv 0.4 0.9 0.6 0.2 0.0 0.3 0.7 0.7 0.3 1.0 3.8 6.6 0.3
M 90Z C! 0.5 1.1 0.7 0.3 0.0 0.3 0.8 0.9 0.3 1.2 4.5 8.0 0.3

500 FT. FLYOVER -- TARGET IAS 86 IPH

"N45 80.9 71.6 9.3 7.3 0.5 93.1 82.4 84.1 7.1 79.7 19.0 18.5 1.6
"-46 82.2 72.7 9.4 7.2 0.4 84.7 83.1 85.1 7.4 81.2 20.0 19.5 2.1

W47 80.3 71.1 9.2 6.4 0.3 82.9 82.3 84.0 6.4 78.1 27.0 25.0 1.7
148 82.4 73.0 9.4 7.4 0.5 84.8 83.4 85.6 7.3 80.1 19.0 18.5 2.2

"A"" Dv 81.5 72.1 9.3 7.1 0.4 83.9 82.8 64.7 7.0 79.8 21.2 20.4 1.9
"Std 1.0 0.9 0.1 0.4 0.1 1.0 0.5 0.8 0.5 1.3 3.9 3.1 0.3
901 CI 1.2 1.1 0.1 0.5 0.1 1.2 0.6 0.9 0.6 1.5 4.5 3.7 0.3



STMABLE NO. A.3-3.3

AERDSATIM.E AS-3A00HELICOPTER (ASIAR) DDTITsc

SUNMARY NOISE LEE!. DATA

AS NEASIURED

SITE: 3 SIDELINE - 150 N. NORTH JUE 8,1983

EU SEL ALD SEL-ALS K(A) 9 EPH. PMIU PMLT, KI(P) DMSPL. DUR(A) DWI(P) TC

1000 FT. FLYOYER -- TARGET lAS 130.5 n

037 79.2 69.5 9.7 7.4 0.4 81.6 80.5 81.8 6.9 79.3 21.0 26.0 1.4D38 80.7 70.0 10.7 7.4 0.4 63.1 61.6 82.9 7.1 79.9 28.0 27.0 1.3"039 78.7 69.6 9.1 6.7 0.4 90.7 79.6 81.1 7.0 77.5 23.0 24.0 1.5D40 80.1 69.8 10.3 7.1 0.4 82.9 00.5 81.7 7.7 79.7 28.0 28.5 1,2

Avg. 79.7 69.7 10.0 7.1 0.4 82.1 60.5 81.9 7.2 79.1 25.0 26.4 1.3Std Dv 0.9 0.2 0.7 0.3 0.0 1.1 0.8 0.6 0.3 1.1 3.6 1.9 0.190M CI 1.1 0.3 0.8 0.4 0.1 1.3 1.0 0.9 0.4 1.3 4.2 2.2 0.1

TAKEOFF -- TARGET IAS 63 HNP (MULTI-SE6 SEE TEXT)

649 85.2 75.7 9.4 7.5 0.5 87.1 86.0 98.7 7.1 79.8 18.0 15.0 2.7650 84.8 75.8 9.1 6.8 0.4 67.1 65.9 66.5 6.6 80.2 21.0 19.5 2.8651 84.2 76.4 7.6 6.1 0.3 86.3 96.1 68.9 6.2 80.6 19.0 15.5 2.7652 84.2 75.7 8.5 6.7 0.4 86.4 86.1 88.9 6.2 80.2 18.0 16.0 2.8"653 83.9 75.6 8.3 6.7 0.4 66.0 85.3 87.6 6.6 79.3 17.0 18.5 2.454 84.1 75.1 9.0 6.9 0.4 96.1 95.3 87.9 6.5 76.9 2D.0 18.5 2.6

Avg. 84.4 75.7 8.7 6.8 0.4 $6.5 85.8 88.4 6.5 79.8 18.8 17.2 2.7St, BY 0.5 0.4 0.6 0.5 0.1 0.5 0.4 0.6 0.3 0.6 1.5 1.9 0.1"90• CI 0.4 0.3 0.5 0.4 0.0 0.4 0.3 0.5 0.3 0.5 1.2 1.6 0.1

"9 DEGREE APPROACH -- TARGET IAS 63

RIB 86.1 77.4 8.8 7.4 0.5 88.7 88.9 90.6 6.9 85.4 15.5 14.5 1.9H19 85.3 78.4 7.9 7.1 0.5 88.3 88.4 89.5 7.8 84.4 13.0 13.5 1.6120 88.4 78.8 9.7 7.8 0.5 9.4 89.5 91.3 7.4 85.8 17.5 17.0 1.6121 85.2 77.9 7.4 6.9 0.5 87.6 89.1 90.6 6.7 64.4 12.0 11.0 1.4

Av2. 86.5 78.1 6.4 7.3 0.5 98.7 89.0 10.6 7.2 85.0 14.5 14.0 1.7Std Dv 1.4 0.6 1.0 0.4 0.0 1.2 0.5 0.8 0.5 0.7 2.5 2.M 0.2901 Ci 1.6 0.7 1.2 0.5 0.0 1.4 0.5 0.9 0.6 0.8 2.9 2.9 0.2

N - NOISE INWEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEKPERATUREtHUMIDITYIOR AIRCRAFT DEIAlION FRON REF FLIGHT TRACK

4.



'4 TTAKE NO. A.3-4.1

AEROSPATIALE AS-3500 HELICOPIER (ASTAR) DOT/TSC
3/29/84

SUNIARY NOISE LEVEL DATA

AS MEASURED '

"SITE: 4 CENTERLINE - 150 N. VEST JUNE 8,1983

EV SEL AL. SEL-AL& K(A) 0 EPML PNLa PNLikt K(P) OASPLm DUR(A) DUR(P) TC

TAKEOFF !- TA.P. IAS 63 MR (ICAO)

Eli 81.9 69.7 12.2 7.9 0.5 84.7 81.9 84.4 7.1 76.0 35.0 28.0 2.6
E12 81.6 71.6 10.0 7.1 0.4 84.7 83.6 05.9 6.7 78.3 25.5 21.0 2.2
E13 81.2 71.0 10.2 7.2 0.4 84.0 82.9 84.9 6.7 77.1 26.0 22.5 2.1
E15 81.0 70.1 11.0 7.7 0.5 84.4 82.1 84.7 7.3 77.0 26.5 22.0 2.6
E16 81.5 71.3 10.2 7.0 0.4 84.8 82.9 84.9 6.8 77.3 29.5 28.0 2.0

E17 82.2 70.8 11.4 7.9 0.5 84.8 82.2 84.5 7.7 76.6 27.5 21.5 2.3

Avg. 81.6 70.8 10.8 7.5 0.4 84.6 82.6 64.9 7.0 77.0 28.3 23.8 2.3
Std Dv 0.4 0.7 0.9 0.4 0.1 0.3 0.7 0.5 0.4 0.8 3.6 3.3 0.3
901 CI 0.4 0.6 0.7 0.4 0.0 0.3 0.6 0.4 0.3 0.6 2.9 2.7 0.2

6 DEGREE PROACH -- TARGET IAS 63 Nfl (ICAO)

Fl 91.2 81.8 9.4 7.6 0.5 93.4 93.5 94.7 7.3 89.4 17.0 16.0 1.1
F2 90.6 81.1 9.5 7.5 0.5 93.0 92.6 93.8 7.4 88.1 18.5 17.5 1.8
"F3 90.1 81.0 9.1 7.4 0.5 92.4 92.9 94.1 6.9 88.6 17.0 16.0 1.2

F4 89.0 79.8 9.2 7.7 0.5 91.8 92.0 93.2 7.2 66.5 15.5 15.5 1.2
F5 90.0 80.2 9.7 7.6 0.5 92.9 92.7 93.9 7.1 88.6 19.0 18.5 1.7
F6 90.2 82.1 8.1 6.7 0.4 92.8 94.2 95.1 6.4 89.7 16.0 15.5 0.9
F8 89.1 79.4 9.8 8.1 0.6 91.8 91.6 92.6 7.7 86.9 16.0 15.5 1.1
F9 ?0.0 81.3 8.8 7.7 0.5 92.6 92.9 93.8 7.8 88.7 14.0 13.5 0.9

Avg. 90.0 80.8 9.2 7.5 0.5 92.6 92.8 93.9 7.2 88.3 16.6 16.0 1.2
Std Dv 0.7 1.0 0.5 0.4 0.1 0.6 0.8 0.8 0.4 1.1 1.6 1.5 0.3
M90 CI 0.5 0.6 0.4 0.3 0.0 0.4 0.5 0.5 0.3 0.7 1.1 1.0 0.2

- NOISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEM•ERATlEIEHLUOIDITYlOR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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TABLE NO. A.3-4.2

E iROSPATIALE AS-= HELICOPTER (ASTAR) DOT/JSC
3129/84

SIMIARY NOISE LEVEL OATA

AS NEASTJED

SITE: 4 CENTERLINE - 150 N. VEST JiNE 81983

EY SEL Mik SEL-AL* K(A) O EPNL PILl PNLTi K(P) OASPLi OUR(A) DUR(P) TC

500 FT. FLYOVER -- TARGET lAs 143 NIn

N41 83.2 75.6 7.6 6.5 0.4 85.9 87.5 88.7 6.8 84.5 14.5 11.0 1.2
N42 82.6 74.7 7.9 6.6 0.4 85.4 86.0 86.8 7.0 83.0 15.5 17.0 0.7N43 83.2 75.9 7.3 6.9 0.5 86.3 87.9 89.4 6.5 86.2 11.5 11.5 1.5
N44 84.0 76.0 8.0 7.0 0.4 86.7 87.7 89.2 7.2 85.1 14.0 11.0 1.7
Av 83.2 75.6 7.7 6.7 0.4 86.1 87.3 88.5 6.9 84.7 13.9 12.6 1.3
S' Dv 0.6 0.6 0.3 0.2 0.0 0.6 0.9 1.2 0.3 1.3 1.7 2.9 0.4
90, CI 0.7 0.7 0.4 0.2 0.0 0.7 1.0 1.4 0.4 1.6 2.0 3.4 0.5

500 FT. FLYOVER -- TARGET IAS 130.5 HPH

A22 82.2 75.7 6.5 6.5 0.4 85.4 87.2 88.6 6.8 82.6 10.0 10.0 1.4
A23 82.3 74.8 7.5 6.8 0.4 85.2 87.1 8B.4 6.3 84.1 12.5 12.0 1.3
A24 82.6 74.? 7.7 7.1 0.5 95.8 87.4 89.1 6.6 83.8 12.0 10.5 1.7
A25 82.4 73.9 8.4 7.0 0.4 85.6 85.6 87.0 7.1 82.3 16.0 16.0 1.4A26 83.0 75.0 8.0 7.2 0.5 86.1 86.9 88.1 7.4 83.0 13.0 12.0 1.3A27 82.4 74.7 7.7 6.8 0.4 85.3 86.4 87.8 6.7 81.7 14.0 13.0 1.5

Av. 92.5 74.8 7.6 6.9 0.5 95.5 86.8 88.2 6.8 82.9 12.9 12.2 1.4
BS'Oy 0.3 0.6 0.6 0.2 0.0 0.4 0.7 0.7 0.4 0.9 2.0 2.1 0.2
90% CI 0.2 0.5 0.5 0.2 0.0 0.3 0.6 0.6 0.3 0.8 1.7 1.8 0.1

500 FT. FLYOVER - TARGET lAS 116 ON

B28 81.5 73.4 8.1 7.4 0,5 84.7 85.1 86.4 7.5 81.3 12.5 13.0 1.4
829 82.0 74.1 7.8 7.2 0.5 85.1 85.8 87.0 6.5 80.7 12.0 17.5 1.6B30 93.1 75.2 7.9 6.6 0.4 86.2 87.6 88.7 6.4 82.7 16.0 14.5 1.3831 81.9 73.8 8.1 7.0 0.5 85.0 85.6 87.1 6.9 79.7 14.0 14.0 1.6

Avg. 82.1 74.1 8.0 7.1 0.5 85.2 86.0 87.3 6.8 81.1 13.6 14.7 1.5
Std Dv 0.7 0.8 0.1 0.3 0.1 0.6 1.1 1.0 0.5 1.3 1.8 1.9 0.2"I90 CI 0.8 0.9 0.1 0.4 0.1 0.8 1.3 1.2 0.6 1.5 2.1 2.3 0.2

500 FT. FLYOVER - TARGET [AS 101.5 EH

C32 81.2 72.8 8.4 7.2 0.5 84.2 84.7 85.7 6.8 79.2 14.5 18.0 1.0C33 90.7 73.2 7.5 7.2 0.5 - 95.7 86.6 - 82.0 11.0 - 0.9
C34 81.2 72.2 9.0 7.0 0.4 84.6 83.7 85.0 6.8 78.9 19.5 26.0 1.3C35 81.1 73.7 7.4 6.5 0.4 - 86.3 87.2 - 81.4 13.5 - 0.9"C36 82.3 73.7 8.6 6.8 0.4 85.3 84.7 95.7 7.6 81.0 18.0 18.5 1.3
"A"n. 81.3 73.1 8.2 7.0 0.4 84.7 85.0 86.0 7.1 80.5 15.3 20.8 1.1

Dv 0.6 0.6 0.7 0.3 0.0 0.5 1.0 0.9 0.4 1.4 3.4 4.5 0.2
M90 CI 0.5 0.6 0.7 0.3 0.0 0.9 1.0 0.8 0.7 1.3 3.3 7.6 0.2

500 FT. FLYOVER-- TARGET IAS 86MPH

.45 93.2 74.1 9.1 7.4 0.5 85.9 87.3 - 81.7 17.0 - 1.4
146 01.4 71.8 9.6 7.3 0.4 84.3 83.4 84.8 7.2 78.4 20.5 21.0 1.4
147 81.2 73.1 8.1 6.3 0.3 84.1 84.8 86.1 7.0 79.2 19.0 14.0 1.2
148 81.2 72.4 8.8 7.4 0.5 84.4 84.4 86.0 7.1 79.4 15.5 15.5 2.0

A . 81.7 72.9 8.9 7.1 0.4 84.3 84.6 86.0 7.1 79.7 18.0 16.8 1.5"D•"'v 1.0 1.0 0.6 0.5 0.1 0.2 1.0 1.0 0.1 1.4 2.2 3.7 0.3
90% CI 1.1 1.1 0.7 0.6 0.1 0.3 1.2 1.2 0.2 1.6 2.6 6.2 0.4



TABLE NO. A.3-4.3

AEROSPATI7ALE AS-3500 HELICOPTER (ASTAR) DOT/TSC
3/29/84

SUNMARY NOISE LEVEL DATA

AS MEASURED'

SITE: 4 CENTERLINE - 150 H1. WEST JN 861983

EY SEL AL& SE.-ALi1 K(A) 9 EPHL PIL. PNLT& K(P) DASPLU DOREA) DURIP) TC

1000 FT. FLYOJER -- TARGET lAS 130.5 WN

D37 79.9 71.9 8.1 6.5 0.4 82.7 83.0 84.3 6.9 80.0 17.5 16.5 1.3
D38 79.2 69.3 9.9 6.9 0.4 81.8 80.3 82.1 6.8 77.4 27.0 26.0 1.9
"039 79.3 70.2 9.2 7.1 0.4 82.0 81.6 83.2 6.9 78.9 19.5 19.0 1.5
"040 78.8 67.9 10.9 7.5 0.4 81.4 79.6 81.0 7.2 76.9 27.5 26.0 1.4

"Avg. 79.3 69.8 9.5 7.0 0.4 92.0 81.1 82.7 6.9 78.3 22.9 22.4 1.5
Std Dv 0.5 1.7 1.2 0.4 0.0 0.6 1.5 1.4 0.2 1.4 5.1 5.5 0.3
M 90% CI 0.6 1.9 1.4 0.5 0.0 0.7 1.8 1.7 0.2 1.7 6.0 6.5 0.3

"TAKEOFF -- TARGET IAS 63 MPH (MULTI-SEG SEE TEXT)

"649 84.6 74.7 9.9 7.5 0.5 87.0 95.4 87.5 7.3 78.2 20.5 20.5 2.1
050 84.2 73.9 10.3 7.8 0.5 86.6 84.6 86.3 7.8 77.8 21.0 20.5 1.8
651 93.8 73.9 9.9 7.3 0.4 85.9 84.3 86.0 7.4 77.2 22.5 22.0 2.0
"652 84.0 74.4 9.6 7.1 0.4 - 85.3 87.1 - 77.9 23.0 - 1,8

_ 853 83.0 73.8 9.3 7.4 0.5 85.4 84.7 86.4 7.2 77.1 18.0 18.0 1.5
"654 83.1 73.8 9.3 7.6 0.5 85.5 84.7 86.6 7.2 77.9 17.0 17.0 2.2

Avg. 83.8 74.1 9.7 7.4 0.5 86.1 84.8 86.6 7.4 77.7 20.3 19.6 1.9
"Std Dv 0.6 0.4 0.4 0.2 0.0 0.7 0.4 0.5 0.2 0.5 2.4 2.0 0.3
90% CI 0.5 0.3 0.3 0.2 0.0 0.7 0.4 0.4 0.2 0.4 2.0 1.9 0.2

9 DEGREE APPROACH - TARGET IAS 63 MPH

R18 88.3 79.8 8.5 6.3 0.3 91.0 91.9 92.8 6.2 96.6 22.5 21.0 1.0
"H19 86.9 78.6 8.2 6.3 0.3 89.1 90.4 91.0 6.2 85.0 20.5 20.0 0.6
H120 88.2 80.4 7.8 6.6 0.4 90.6 92.3 93.4 6.3 87.1 15.0 14.5 1.1
H121 85.6 76.4 9.2 6.9 0.4 87.9 88.1 89.2 6.6 82.3 21.5 20.3 1.1

kvg. 87.2 78.8 8.4 6.5 0.4 89.7 90.7 91.6 6.3 85.3 19.9 19.0 0.9
Std Dv 1.2 1.8 0.6 0.3 0.0 1.4 1.9 1.9 0.2 2.2 3.4 3.0 0.3
M90 CI 1.5 2.1 0.7 0.4 0.1 1.7 2.2 2.2 0.2 2.6 3.9 3.6 0.3

* - NOISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEMPERATUREHUMIDITYtOR AIRCRIFT DEVIATIOH FROMh REF FLIGHT TRACM



TABLE NO. A.3-5.1 (REY.l)

AEROSPATlALE AS-3500 HELICOPTER (ASTAR) DOT/TSC
6/ 9/84

SUMMARY NOISE LEVEL DATA

AS MEASURED '

SITE: 5 CENTERLINE - 188 M. EAST JUNE 8,1983

rV SEL ALik SEL-ALs K(A) 0 EPHL PNLI PNLTa K(P) OASPLm DUR(A) DUR(P) TC

TAKEOFF -- TARGET IAS 63 PH1 (ICAO)

Eli 86.9 79.1 7.8 6.7 0.4 90.6 90.6 92.6 7.1 83.8 14.5 13.5 1.9
E12 84.7 76.3 8.4 7.0 0.4 89.3 89.6 91.8 6.6 83.6 15.5 14.0 2.5
E13 85.3 76.9 8.4 6.9 0.4 89.4 89.5 92.1 6.5 83.8 16.5 13.5 2.7
E15 84.5 76.7 7.8 6.6 0.4 88.7 89.4 91.7 6 2 83.1 15.0 13.5 2.3
E16 84.8 76.5 8.3 6.6 0.4 - 88.8 90.9 - 82.7 18.5 - 2.1
E17 84.4 75.0 9.3 7.2 0.4 88.4 87.7 89.8 7.1 82.1 19.5 16.5 2.2

A vg. 85.1 76.8 8.3 6.8 0.4 89.3 89.3 91.5 6.7 83.2 16.6 14.2 2.3
St Ov 0.9 1.3 0.6 0.3 0.0 0.8 1.0 1.0 0.4 0.7 2.0 1.3 0.3
90% CI 0.8 1.1 0.5 0.2 0.0 0.8 0.8 0.8 0.4 0.6 1.7 1.2 0.2

6 DEGREE APPROACH -- TARGET IAS 63 MPH (ICAO)

Fl 92.1 84.4 7.7 7.2 0.5 95.1 96.7 97.5 7.3 92.6 11.5 11.0 0.8
F2 92.1 83.5 8.7 7.7 0.5 94.8 96.1 96.9 7.2 92.0 13.5 12.5 0.8
F3 90.9 83.5 7.4 6.7 0.4 93.7 95.8 96.6 6.7 91.5 13.0 11.5 0.7
F4 92.6 84.7 7.9 7.6 0.6 95.2 96.3 97.3 7.5 92.0 11.0 11.0 1.0
F5 92.1 84.0 8.1 7.5 0.5 94.7 96.4 97.2 7.1 91.7 12.0 11.5 0.7
F6 91.8 84.6 7.2 6.9 0.5 94.7 96.9 97.9 6.8 92.5 11.C1 10.0 1.0
F8 92.9 84.7 8.2 7.0 0.4 95.2 96.9 97.7 6.6 92.5 15.0 13.5 0.9
F9 91.2 83.9 7.3 6.6 0.4 93.8 96.2 96.9 6.5 91.5 13.0 12.0 0.7

Avg. 92.0 84.2 7.8 7.1 0.5 94.6 96.4 97.2 7.0 92.0 12.5 11.6 0.8
Std Dv 0.7 0.5 0.5 0.4 0.1 0.6 0.4 0.5 0.4 0.4 1.4 1.1 0.1
901 CI 0.4 0.4 0.3 0.3 0.0 0.4 0.3 0.3 0.2 0.3 0.9 0.7 0.1

S- NOISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEMPERATUREtHUMIDITYOR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK



TABLE NO. A.3-5.2 (REV.l)

AEROSPATIALE AS-300 IPELICOPTER (ASTAR) DOT/TSC
6/ 9/84

SUNIMARY NOISE LEVEL DATA

AS MIEASIURED #

SITE: 5 CEWNERLINE - 188 M. EAST JUNE 8,1983

EV SEL AL& SEL-ALm K(A) 9 EPVt PML. PNLT& K(P) OASPL, 0JR(A) OUR(P) TC

500 FT. FLYOVER -- TARGET IAS 143 MPH

N41 83.9 76.2 7.8 7.6 0.6 86.8 88.2 89.7 7.0 85.7 10.' 10.5 1.4
"442 84.3 76.4 7.9 6.9 0.4 87.2 87.8 89.0 7.1 84.9 14.0 14.0 1.2
H43 84.0 76.5 7.5 7.0 0.5 87.2 88.3 C9.6 6.8 96.7 12.0 13.0 1.5
N44 83.7 76.1 7.6 6.5 0.4 86.6 87.5 88.6 6.9 84.5 14.5 14.5 1.1

Ag. 84.0 76.3 7.7 7.0 0.5 87.0 88.0 89.2 7.0 85.4 12.7 13.0 1.3
t St Dv 0.2 0.2 0.2 0.4 0.1 0.3 0.4 0.5 0.1 1.0 1.8 1.8 0.2
902 CI 0.3 0.2 0.2 0.5 0.1 0.3 0.5 0.6 0.2 1.2 2.2 2.1 0.2

500 FT. FLYOVFR -- TARGET IAS 130.5 MPH

A22 83.0 75.3 7.7 7.3 0.5 86.1 86.9 88.5 7.3 84.1 11.5 11.0 1.7
A23 83.1 75.2 7.9 7.5 0.5 86.0 86.6 87.9 7.6 82.6 11.5 11.5 1.4A24 83.2 75.5 7.7 6.9 0.4 - 87.5 88,5 - 84.2 13.5 - 1.0

A25 82.9 75.3 7.6 6.7 0.4 85.9 87.1 88.1 7.0 83.0 13.5 13.0 1.0
A26 82.8 75.3 7.5 6.6 0.4 86.1 87.6 89.0 6.4 84.8 14.0 13.0 1.3
A27 82.3 74.7 7.6 6.3 0.4 B,.4 86.4 87.3 6.7 82.8 16.0 16.5 0.9

"Av . 82.9 75.2 7.7 6.9 0.4 85.9 87.0 88.2 7.0 83.6 13.3 13.0 1.2VStil Dy 0.3 0.3 0.2 0.4 0.1 0.3 0.5 0.6 0.5 0.9 1.7 2.2 0.3
90% CI 0.3 0.2 0.1 0.i 0.1 0.3 0.4 0.5 0.5 0.7 1.4 2.1 0.3

500 FT. FLYOVER -- TARGET IAS 116 MPH

828 83.1 75.5 7.7 7.1 0.5 86.2 87.3 38.2 7.4 82.6 12.0 12.0 1.4
829 82.1 73.8 8.3 7.3 0.5 85.2 85.6 87.2 7.1 80.6 13.5 13.5 1.8
830 83.1 75.7 7.3 6.8 0.4 86.4 88.3 89.4 6.6 84.4 12.0 11.5 1.0
831 82.4 74.4 8.0 6.9 0.4 85.6 86.6 87.4 7.2 82.2 14.5 1i.0 0.8

Av . 82.7 74.9 7.8 7.0 0.5 85.9 86.9 88.1 7.1 82.5 13.0 12.7 1.3
Stl Dy 0.5 0.9 0.4 0.2 0.0 0.5 1.1 1.0 0.3 1.5 1.2 1.2 0.4
90% Cl 0.6 1.0 0.5 0.3 0.0 0.6 ¶ • 1.2 0.4 1.8 1.4 1.4 0.5

500 FT. FLYOVER -- TARGET IAS 101.5 MPH

C32 82.6 74.5 8.0 6.8 0.4 85.7 86.2 87.1 7.2 81.9 15.5 15.5 1.3
C33 82.5 77.0 5.4 5.4 0.3 85.5 88.4 89.6 5.6 84.3 10.0 11.0 1.2
C34 82.3 75.0 7.3 6.3 0.4 85.6 86.9 88.0 6.6 81.3 14.5 14.5 1.0
C35 82.9 74.0 8.9 6.6 0.3 87.1 86.6 88.9 6.1 32.9 23.0 21.0 2.4
C36 82.7 74.9 7.8 6.4 0.4 85.9 87.0 88.3 6.3 81.4 17.0 16.5 1.3

Ao. 82.6 75.1 7.5 6.3 0.4 86.0 87.0 88.4 6.4 E2.4 16.0 15.7 1.4SitM Dy 0.2 1.2 1.3 0.5 0.0 0.6 0.8 0.9 0.6 1.3 4.7 3.6 0.5
90% CI 0.2 1.1 1.2 0.5 0.0 0.6 0.8 0.9 0.5 1.2 4.5 3.4 0.5

500 FT. FLYOVER -- TARGET IAS 86 MPH

*M45 82.4 74.4 8.0 6.2 0.3 85.6 86.5 87.5 6.6 81.4 20.0 16.5 1.2
H46 82.3 73.5 8.8 7.4 0.5 85.6 85.7 86.9 7.4 81.9 15.5 15.0 1.2
M47 81.5 72.7 8.8 7.1 0.4 84.6 84.8 86.2 6.8 80.3 17.0 17.0 1.4
M48 82.4 74.3 8.1 6.9 0.4 85.8 86.4 87.4 7.3 81.3 15.0 14.5 1.0

Av . 82.1 73.7 8.4 6.9 0.4 85.4 95.8 87.0 7.0 81.2 16.9 15.7 1.2
Stl Dv 0.4 8 0.4 0.5 0.1 0.5 0.8 0.6 0.4 0.7 2.2 1.2 0.2
90% CI 0.5 .. 9 0.5 0.6 0.1 0.6 0.9 0.7 0.4 0.8 2.6 1.4 0.2

S- NOISE INDEXES CALCULATED USING NEASURED DATA UNCORRECTED
FOR TEIPERATURE,HUIIDITY,BR AIRCRAFT DEVIATIOH FROM REF FLIGHT TRACK



TABLE NO. A.3-5.3 (REV.1)

AEROSPATIALE AS-3500 HELICOPTER (ASTAR) DOT/TSC
6/9/84

SUMMARY NOISE LEVEL DATA

AS MEASURED ,

SITE: 5 CENTERLINE - 188 M. EAST JNiE 8,1983

EV SEL ALnk SEL-ALo K(A) 9 EPHL PHI. PNLT& K(P) OASPLi. DR3.A) DUR(P) TC

1000 FT. FLYOVER -- TARGET IAS 130.5 MPH

037 79.3 71.2 8.1 6.3 0.3 - 82.7 84.1 - 80.3 19.0 - 1.4
D38 79.9 69.7 10.2 7.4 0.4 - 81.1 82.4 - 82.5 24.5 - 1.3
)39 79.2 69.2 10.0 7.4 0.4 - 80.4 81.7 - 76.6 22.5 - 1.5
D40 79.7 69.4 10.3 7.6 0.5 - 80.7 82.0 - 78.7 23.0 - 1.4

Avg. 79.5 69.9 9.7 7.2 0.4 - 81.2 82.6 - 79.5 22.2 - 1.4
Std Ov 0.3 0.9 1.0 0.6 0.1 - 1.0 1.1 - 2.5 2.3 - 0.1
90% CI 0.4 1.1 1.2 0.7 0.1 - 1.2 1.2 - 3.0 2.7 - 0.1

TAKEOFF -- TARGET lAS 63 MPH (NULTI-SEG SEE TEXT)

649 87.6 80.5 7.1 6,9 0.5 90.9 92.1 94.3 6.3 84.6 11.0 11.0 2.3

G50 86.6 77.6 9.0 7.4 0.5 89.6 89.2 5-,2 7.0 82.4 16.5 15.5 2.0
651 87.0 78.9 8,1 6.9 0.4 89.9 9-.4 92.8 6.4 82.8 15.0 12.5 2.4
652 87.2 79.6 7.6 7.0 0.5 90.2 91.5 93.9 6.1 82.9 12.5 11.0 2.3
653 86.1 78.7 7.4 6.6 0.4 89.2 90.5 92.6 6.3 02.5 13.5 11.0 2.2
654 85.5 78.1 7.4 6.6 0.4 88.4 89.3 91.1 6.5 82.8 13.0 13.0 2.0

Avg. 86.7 78.9 7.8 6.9 0.4 F9.7 90.5 92.6 6.5 83.0 13.6 12.3 2.2
Std Ov 0.8 1.0 0.7 0.3 0.0 0.8 1.2 1.3 0.3 0.8 1.9 1.8 0.2
901 Cl 0.6 0.8 0.5 0.2 0.0 0.7 1.0 1.1 0.3 0.7 1.6 1.5 0.1

9 DEGREE APPROACH -- TARGET IAS 63 MPH

H18 91.9 85.9 6.1 6.1 0.4 94.4 97.6 96.6 6.3 93.5 10.0 8.5 1.0
H19 88.4 82.3 6.1 7.0 0.5 91.4 94.6 95.1 7.0 89.2 7.5 8.0 0.6
H20 89.7 82.4 7.3 6.6 0.4 92.4 95.0 95.7 6.7 89.8 12.5 10.0 0.9
H21 87.7 80.5 7.2 6.9 0.5 - 92.7 93.4 - 87.4 11.0 - 0.7

Avg. 89.5 82.8 6.7 6.7 0.5 92.8 95.0 95.7 6.7 90.0 10.2 8.8 0.8
Std Dv 1.8 2.2 0.7 0.4 0.1 1.5 2.0 2.1 0.3 2.6 2.1 1.0 0.2
90% Cl 2.2 2.6 0.8 0.5 0.1 2.6 2.4 2.5 0.6 3.0 2.5 1.8 0.2

- NOISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TENPERATUREIHUNIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK

I..
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• ,APPENDIX B

Direct Read Acoustical Data and Duration
Factors for Flight Operations

SIn addition to the magnetic recording systems, four direct-read, Type-I
noise measurement systems were deployed at selected sites during flight
operations. The data acquisition is described in Section 5.6.2.

These direct read systems collected single event data consisting of
"maximum A-weighted sound level (AL), Sound Exposure Level (SEL),
"integration time (T), and equivalent sound level (LEQ). The SEL and dBA,
as well as the integration time were put into a computer data file and
analyzed to determine two figures of merit related to the event duration
influence on the SEL energy dose metric. The data reduction is further
described in Section 6.2.2; the analysis of these data is discussed in
"Section 9.3.

This appendix presents direct read data and contains the results of the
helicopter noise duration effect analysis for flight operations. The
direct read acoustical data for static operations is presented in
Appendix D.

Each table within this appendix provides the following information:

Run No. The test run number

SEL(dB) Sound Exposure Level, expressed in decibels

AL(dB) A-Weighted Sound Level, expressed in decibels

T(1O-dB) Integration time

K(A) Propagation constant describing the change in dBA with
distance

Q Time history "shape factor"

Average The average of the column

N Sample size

* Std Dev Standard Deviation

90% C.I. Ninety percent confidence interval

.. ,'- Mic Site The centerline mircophone site at which the measurements
were taken

I-
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TABLE 8.1.1

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER/TARGET IAS=130.5 MPH

% MIC SITE: 5

RLH NO. SEL(DB) AL(DB) T(IO-DB) K(A) a

A22 83.2 75.7 NA NA NA
A23 83.3 75.2 NA NA NA
A24 83.6 76.1 NA N N
A25 83.1 75.2 NA NA NA
A26 83 75.5 NA NA NA
A27 82.5 74.4 NA NA NA

AVERA6E 83.10 75.40

N 6 6

STD.DEV. 0.37 0.58

90r C.I. 0.30 0.47

TABLE BI.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER/TARGET IAS=130.5 MPH

MIC SITE: 1

RUN NO. SEL(DB) AL(D8) T(10-DB) K(A) 0

A22 82.7 75.1 1i1.5 7.2 .5
A23 82.7 75.6 11 6.8 .5
A24 83.4 75.9 12.5 6.8 .4
A25 83.5 75.5 14 7 .5
A26 84 76.7 10 7.3 .5
A27 82.8 73.7 20 7 .4

AVERA6E 83.20 75.40 13.20 7.00 .5

STD.DEV. 0:53 1:00 3.61 19 D05

90N. C, 0.44 0682 604



'4 TABLE 0.1.3

HELICOPTER: ASTAR

TEST DATE: 6-8-93

OPERATION: 500 FT.FLYOVERITARGET IAS=130.5 MPH

MIC SITE: 4

RUN NO. SEL(DB) AL(DB) T(1O-DB) K(A) a

A22 82.7 75.7 11 6.7 .5
-• A23 83.1 75.4 13 6.9 .5

A24 83.1 75.1 12 7.4 .5
A25 82.9 74.9 IA 7 .5

A26 83.5 75.1 13 7.5 .5
A27 83 75.3 14 6.7 .4

AVERAGE 83.10 75.30 12.80 7.00 .5

N 6 6 6 6 6

ST.CEV. 0.27 0.28 1.17 .35 .05

90% C.I. 0.22 0.23 0.96 .29 .04

TABLE 8.2.1

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER'TAR6ET IASB116 MPH

MIC SITE: 5

RUN NO. SEL(DB) AL(DB) T(IO-DB) K(A) a

828 83.1 75.6 NA NA NA
829 81.9 73.9 NA NA NA
630 83.1 75.7 NA NA NA
931 81.9 74.1 NA NA NA

AV/ERA6E 82.50 74.80

N 4 4

STD.DEV. 0.69 0.96

90% C.I. 0.82 1.13



' lTABLE B.2.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOER/TARGET IAS116 MPH

NIC SITE: I

RUN NO. SEL(DB) AL(DB) T(IO-DOB) K(A) 0

828 82.2 75.5 12.5 6.1 .4
B29 82.2 74 15.5 6.9 .4
830 83.1 75 12 7.5 .5
831 82.1 73.9 12.5 7.5 .5

AVERAGE 82.40 74.60 13.10 7.00 .5

N 4 4 4 4 4

STD.DEV. 0.47 0.78 1.60 .66 .08

90r/. C.1. 0.55 0.92 1.88 .77 .09

TABLE B.2.3

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOER/TARGET IAS=116 MPH

MIC SITE: 4

RUN NO. SEL(DB) AL(DB) T(10-DB) K(A) 0

828 81.8 73.3 13 7.6 .5
iB29 82.6 74.6 13 7.2 .5
B30 83.6 75.9 16 6.4 .4
831 82.5 74.3 13 7.4 .5

AVERAGE 82.60 74.50 13.80 7.10 .5

N 4 4 4 4 4

STD.DEV. 0.74 1.07 1.50 .53 .07

90% C.I. 0.87 1.26 1.77 .63 .09

I ,



"TABLE 9.3.1

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYIVEV/TAR6ET IAS101.5 NPH

NIC SITE: 5

RUN NO. SEL(DB) AL(DB) T(IO-DB) K(A) 0

C32 82.4 74.5 NA N NA
C33 82.8 77.4 NA NA NA
C34 82.1 74.6 NA N NA
C35 82.5 74 NA N N

Sc36 82.4 74.3 N

.'b. AVERAGE 82.40 75.00

N 5 5

"STD.DEV. 0.25 1.38

90". C. I. 0.24 1.32

TABLE 8.3.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER/TARGET IAS=101.5 MPH

'IC SITE: I

RUN NO. SEL(DB) AL(DB) T(IO-DB) K(A) 0

C32 82.6 74 16 7.1 .5
"C33 82.9 76.7 12 5.7 .3
C34 82.2 73.8 17 6.8 .4
C35 81.8 73.5 18 6.6 .4
C36 82.6 73.7 16 7.4 .5

,AERAGE 82.40 74.30 15.80 6.70 .4

N 5 5 5 5 5

"STD.DEV. 0.43 1.33 2.28 .63 .06

- 901/. C.I. 0.41 1.27 2.17 .6 .05
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i TABLE 8.3.3

HELICOPTER: ASTAR

"TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOIERTARET 1A0-O1.5 MPH

MIC SITE: 4

RLIN NO. SEL(DB) AL(DB) T(IO-D8) K(A) a

C32 81.7 73.4 14 7.2 .5
C33 82.2 73.6 16 7.1 .5

," C34 81.7 72.6 17 7.4 .5
C35 81.9 73.4 16 7.1 .4
C36 82.7 74.4 17 6.7 .4

"AVERAGE 82.00 73.50 16.00 7.10 .5

N 5 5 5 5 5

STD.DEV. 0.42 0.64 1.22 .24 .03

fOr/. C.I. 0.40 0.61 1.17 .23 .03

TABLE B.4.1

,.ELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 1000 FT.FLYOVER/TAR6ET IAS=130.5 MPH

MIC SITE:

RUN NO. SEL(U8) ALCDB) T(IO-DB) K(A) 9

D37 79 71.1 NA NA NA
D38 82.2 71.1 NA NA NA
D39 79.3 69.2 NA NA NA
D40 79 69.4 NA NA NA

" AVERAGE 79.90 70.20

N 4 4

STD.DEV. 1.56 1.04

90M C.1. 1.83 1.23

4.-.



"O" TABLE 0.4.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 1000 FT.FLYOVER/TARGET 10:130.5 MPH

MIC SITE: 1

RUN NO. SEL(DB) AL(DB) T(10-DB) K(A) 0

037 79.6 70.7 is 7.1 .4
D38 79.9 69.6 23 7.6 .5
039 79.7 69 22 8 .5
D40 79.6 69.3 25 7.4 .4

AVERAGE 79.70 69.70 22.00 7.50 .5

N 4 4 4 4 4

STD.DEV. 0.14 0.74 2.94 .37 .05

907, C.I. 0.17 0.87 3.46 .44 .06

TABLE 8.4.3

HELICOPTER: ASTAR

""FST DATE: 6-8-83

"OPERATION: 1000 FT.FLYOVER/TARGET AS:130.5 MPH

.lIC SITE: 4

RUN NO. SEL(DB) AL(DB) T(10-OB) K(A) 0

D037 80.4 71.9 16 7.1 .4
D38 79.5 69.5 21 7.6 .5
039 79.8 70.5 20 7.1 .4
040 79.3 68.9 25 7.4 .4L': AVERAGE 79.80 70.20 20.50 7.30 .4

7N 4 4 4 4 4

STD.DEV. 0.48 1.31 3.70 .24 .02

90% C.I. 0.56 1.54 4.35 .28 .03

;.,'-2-



TABLE B.5.1

HELICOPTER: ASTAR

TEST IDTE: 6-8-83

OPERTION: ICAO TAKEOFF/TARGET IA5=63 MPH

MIC SITE: 5

"RUN NO. SEL(DB) AL(DB) T(IO-DB) K(A)

EIO 85.9 77.2 NA N NA
Eli 87 78.9 NA NA NA
E12 84.5 76.4 NA NI NA
E13 85.2 76.1 NI NA Ni
E14 84.4 74.9 NI Ni NA
E15 84.6 76.1 NI NI NA
E16 NA NA NA NA NA

E17 84.5 74.9 Ni NA NI

AVER6E 85.20 76.40

N 7 7

STD.DEO. 0.97 1.39

90% C.I. 0.72 1.02

TARLE 8.5.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: ICAO TAKEOFF/TARGET 1AS=63 MPH

NIC SITE:

RU1N NO. SEL(08) AL(DB) T(IO-DB) K(A) 0

E1O 84.6 75.3 20 7.1 .4
Eli 83.7 72.1 NA NA NA
E12 82.5 72.9 22 7.2 .4
E13 83.1 73.9 19 7.2 .4
E14 NA NA NA Ni Ni
E15 83 72.9 22.5 7.5 .5
E16 82.7 71.5 29 7.7 .5
E17 84.1 75.1 19 7 .4

AVERAGE 83.40 73.40 21.90 7.30 .4

N 7 7 6 6 6

STD.DEJ. 0.77 1.45 3.77 .24 .02

90"/. C.I. 0.57 1.06 3.10 .19 .01



TABLE 8.5.3

HELICOPTER; ASTAR

TEST DATE: 6-8-83

OPERATION: ICAD TAKEOFF/TARGET IAS=63 MPH

MIC SITE: 4

"RUN NO. SEL(DB) AL(DB) T(IO-DB) K(A) a

EIO 83.9 73.2 30 7.2 .4
Ell 82 69.9 34 7.9 .5
E12 81.9 71.7 22 7.6 .5
E13 81.6 71.6 24 7.2 .4
E14 81.1 69.9 26 7.9 .5
E15 81.6 70.5 24 8 .5
E16 82 71.3 30 7.2 .4
E17 82,6 71.4 25 8 .5

AVERAGE 82.10 71.20 26.90 7.70 .5

*N 6 9 8 8 a

STD.DEV. 0.85 1.09 4.05 .36 .06

90r/. C.I. 0.57 0.73 2.71 .24 .04

TABLE 8.6.1

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 6 DEGREE APPRDOACH/TARGET IAS63 MPH

MIC SITE: 5

RUN NO. SEL(DB) AL(DB) T(IO-DB) K(A) a

Fl 92.7 85 NA NA NA
F2 92.5 83.9 NA NA NA
F3 91.2 84.1 NA NA NA
F4 93 85.2 NA NA NA
F5 92.5 84.9 NA NA NA
F6 92 85.4 NA A N
F7 92.1 84 NA NA NA
F8 93.4 85.3 NA NA
F9 92 84.3 N NA NA

AVERAGE 92.40 84.70

N 9 9

-STD.DEV. 0.64 0.60

90. C.,. 0.40 0.37



TABLE B.6.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 6 DEGREE APPROACH/TARGET IAS=63 MPH

NIC SITE: 1

RUN NO. SEL(DB) AL(DB) T(IO-DB) K(A) 0

Fl 91.9 83.6 12.5 7.6 .5
F2 91.7 83.5 13 7.4 .5
F3 91.8 82.6 14 8 .6
F4 91.6 83.8 13 7 .5
F5 91.2 82.3 15 7.6 .5
F6 91.6 82.6 16 7.5 .5
F7 91.8 83.2 15 7.3 .5
F8 90.5 81.4 15.5 7.6 .5
F9 91.6 83.1 ' 7.9 .6

AVERAGE 91.50 82.90 14.00 7.50 .5

N 9 9 9 9 9

STD.DEV. 0.43 0.76 1.44 .3 .04

90% C.I. 0.27 0.47 0.89 .19 .03

TABLE 8.6.3

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 6 DEGREE APPROACH/TARGET 1AS=63 MPH

MIC SITE: 4

RUIN NO. SEL(DB) AL(DB) T(10-DB) K(A) 0

Fl N A N A N
F2 91.2 81.5 19 7.6 .5
F3 90.6 81.6 17 7.3 .5
F4 89.5 80 16 7.9 .6
F5 90.5 81 16 7.9 .6
F6 91.1 82.7 16 .4
F7 90.9 81.7 16 7.6 .5
F8 89.7 80 16 8.1 .6
F9 91 82 14 7.y .6

AVERAGE 90.60 81.30 16.30 7.70 .5

"N 8 8 8 8 8

STD.DEV. 0.64 0.94 1.39 .36 .05

"Z . 901. C.I. 0.43 0.63 0.93 .24 .04



TABLE B.7.1

HELICOPTER: ASTAR

"' TEST DATE: 6-8-83

OPERATION: TAKEOFF/TAR6ET 1AS63 MPH

,IC SITE: 5

RUN NO. SEL(DB) AL(DB) T(IO-DB) K(A)

649 87.4 80 NA NA NA
"650 86.4 77.4 NA NA NA
"651 86.8 78.8 NA NA NA
"652 87.1 79.5 NA NA NA
653 86.4 78.9 NA NA NA
654 85.7 78.2 NA NA NA

AVERAGE 86.60 78.80

N 6 6

0 STD.DELV. 0.60 0.92

90V C.1. 0.50 0.76

"TABLE 8.7.2

HEL,4COPTER: ASTAR

TEST DATE: 6-8-83

CPERATION: TAKEOFF/TARGET IAS=63 MPH

"IC SITEI

RUN NO. SEL(DB) AL(DB) T(0O-DB) K(A) a

649 85.5 76.7 17 7.2 .4
650 85.4 75.9 19 7.4 .5
651 84 74.6 18 7.5 .5
"652 85.5 76.4 15 7.7 .5
653 84.1 75.3 14 7.7 .5
654 84.5 76.2 14 7.2 .5

4AERA6E 84.80 75.90 16.20 7.50 .5

4..N 6 6 6 6 6

STD.DEV. 0.71 0.78 2.14 .23 .04

9.•r/ C.I. 0.59 0.64 1.76 .19 .03

I.,,



0) TABLE 9.7.3

"HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: TAKEOFF/TARGET IAS=63 MPH

MIC SITE: 4

SRiN NO. SEL(DB) AL(DB) T(QO-DB) K(A) a

649 84.9 74.9 20 7.7 .5
650 NA NA 21 NA NA
651 84 74.4 22 7.2 .4
652 84.3 74.6 23 7.1 .4
653 83.4 74.4 18 7.2 .4
654 83.4 74 18 7.5 .5

AVERAGE 84.00 74.50 20.30 7.30 .4

N 5 5 6 5 5

STD.DEV. 0.64 0.33 2.07 .25 .04

90% C.I. 0.61 0.31 1.70 .24 .04

TABLE 8.8.1

"HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 9 DEGREE APPRDACH/TARGETIAS=63 MPH

MIC SITE: 5

."% RUN NO. SEL(DB) AL(DB) T(1O-DB) K(A) a

H18 92.2 85.9 NA NA NA
H19 88.2 82.2 NA NA NA
H20 89.3 82.7 NA NA NA
H21 87.7 80.6 NA NA NA

AVERAGE 89.40 82.90

N 4 4

STD.DEV. 2.01 2.22

90% C.I. 2.37 2.61
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TABLE 8.8.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 9 DEGREE APPRDACH/TARGETIAS=63 MPH

MIC SITE:

RUN NO, SEL(DB) AL(DB) T(IO-DB) K(A) a

HI8 90.6 82.8 11 7.5 .5
H19 87 78.7 16 6.9 .4
H20 88.6 80.9 12 7.1 .5
H21 86.7 78.6 12 7.5 .5

AVERAGE 88.20 80.30 12.80 7.30 .5

N 4 4 4 4 4

STD.DEV. 1.79 2.00 2.22 .3 .06

90% C.I. 2.11 2.36 2.61 .35 .07

TABLE 9.8.3

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 9 DEGREE APPRDACH/TARGETIAW63 MPH

MIC SITE: 4

RUN NO. SEL(DB) AL(DB) T(10-DB) K(A) O

His 88.9 80 19 7 .4
H19 87.5 79.3 13 7.4 .5
H20 88.8 80.8 15 6.8 .4
H21 85.9 76.8 21 6.9 .4

AVERAGE 87.80 79.20 17.00 7.00 .4

N 4 4 4 4 4

STD.DEV. 1.40 1.73 3.65 .25 .05I 90/1 C.I. 1.65 2.03 4.30 .29 .06



TABLE B.9.1

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOJER/TAR6ET IAS=86 MPH

MIC SITE: 5

RLN NO. SEL(DB) AL(DBI T(UO-DB) K(A)

M45 82.5 74.5 NA NA
146 02.2 73.4 NA N NA
M47 81.4 72.7 NA NA NA

M48 82.8 73.9 NA NA NA

AVERAGE 82.20 73.60

N 4 4

STD.DEV. 0.60 0.76

901% C.. 0.71 0.90

TABLE 8.9.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER/TARGET IAS=86 MPH

"MIC SITE:

RUN NO. SEL(ODB) AL(DB) T(1O-DO) K(A) a
*45 83.6 74.8 17 7.2 .4
M46 82 73.8 15 7 .4
147 81.5 72.7 15 7.5 .5
148 82.2 73.1 17 7.4 .5

AVERAE 82.30 73.60 16.00 7.30 .5

N 4 4 4 4 4

STD.:v. 0.90 0.92 1.15 .23 .03

90% C.I. 1.06 1.08 1.36 .27 .04



TABLE B.9.3

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER/TARSET 1A8=6 MPH

HIC SITE: 4

RUN NO. SELUDB) AL(DB) T(IO-DB) K(A) a

M45 83.8 74 17 8 .6

M46 81.9 71.9 20 7.7 .5
M47 81.6 73.1 14 7.4 .5
M48 82.1 73.1 16 7.5 .5

AVERA6E 82.40 73.00 16.80 7.60 .5

N 4 4 4 4 4

STD.DEV. 0.99 0.86 2.50 .25 .03

90% C.I. 1.16 1.01 2.94 .29 .03

TABLE 8.10.1

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYVER/TARGET IAS=143 MPH

N]C SITE: 5

RUN NO. SEL(DB) AUDB) T(!O-DB) K(A) 0

N41 83.2 76.7 NA NA NA
N42 84.1 76.4 NA NA NA
N43 84 76.6 NA NA NA
N44 83.7 75.9

AVERAGE 83.80 76.40

N 4 4

STD.DEV. 0.40 0.36

90% C.I. 0.48 0.42
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TABLE 8.10.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOER/IAR6ET 1AS443 MPH

141C SITE:

"RUN NO. SEL(DB) AL(DB) T(UO-D) K(A) 0

N41 84.3 77 12 6.8 .4
N42 83.9 75.7 12 7.6 .6
"N43 84.9 77.2 11 7.4 .5
N44 93.7 75,6 14 7.1 .5

"AVERAGE 84.20 76.40 12.30 7.20 .5

N 4 4 4 4 4

STD.DEV. 0.53 0.84 1.26 .37 .05

901. C.I. 0.62 0.79 1.48 .43 .06

TABLE 8.10.3

HELICOPTER: ASTAR

"TEST DATE: 6-8-83

OPERATION: 500 FT.FLYEPER/TARGET IAS=143 MPH

MIC SITE: 4

RUtN NO. SEL(DB) AL(DB) T(1O-DB) K(A) 0

N41 84.4 76.8 10 7.6 .6
N42 83.7 76 13 6.9 .5
"N43 84.1 76.6 11 7.2 .5
N44 84.8 76.8 12 7.4 .5

"AVERAGE 84.30 76.60 11.50 7.30 .5

. N 4 4 4 4 4

STD.DEV. 0.47 0.38 1.29 .3 05

90'/. C.I. 0.55 0.45 1.52 .35 .06

"0.%



0' APPENDIX C

"Magnetic Recording Acoustical Data for Static Operations

. -.• This appendix contains time averaged, A-weighted sound level data along
with time averaged, one-third octave sound pressure level information for
eight different directivity emission angles. These data were acquired
June 6 using the TSC magnetic recording system discussed in Section
5.6.1.

Thirty-two seconds of corrected raw spectral data (64 contiguous 1/2
second data records) have been energy averaged to produce the data
tabulated in this appendix. The spectral data presented are "As Measured"
for the given emission angles established relative to each microphone
location. Also included in the tables are the 360 degree (eight emission
angle) average levels, calculated by both arithmetic and energy averaging.
The data reduction is further described in Section 6.1. Figure 6.1
(previously shown) provides the reader with a quick reference to the
emission angle convention.

The data cor -. ned in these tables have been used in analyses presented in
Sections 9.2 and 9.7. The reader may cross reference the magnetic
recording data of this appendix with direct read static data presented in

- Appendix D.

0

4?'..

• o,



TABLE NO. C.3-1H.1

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: IH (SOFT) - 150 M. NW JUNE 8,1983

HOVER--IN-GROUND-EFFECT
AVERAGE LEVEL

LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

S ** *** Dv
SOUND PRESSURE LEVEL dB re 20 microPascal

14 50.1 52.4 48.9 52.8 51.7 49.8 49.4 50.7 50.9 6.2 50.7 1.4
15 59.2 62.1 59.8 62.9 62.1 60.1 58.9 60.3 60.9 21.5 60.7 1.5
16 70.0 72.6 70.8 72.2 72.6 71.0 69.6 71.4 71.4 36.8 71.3 1.1
17 59.7 62.5 57.8 62.2 60.5 62.2 59.3 59.2 60.7 30.5 60.4 1.7
18 69.6 71.5 64.0 74.4 75.9 71.6 66.6 67.8 71.7 45.5 70.2 4.0
19 62.4 64.0 62.2 65.0 65.4 66.8 62.2 61.5 64.1 41.6 63.7 1.9
20 58.8 59.2 59.2 62.3 63.9 67.6 61.5 58.4 62.6 43.5 61.4 3.2
21 68.0 67.8 65.8 66.6 72.1 68.3 72.0 72.2 69.8 53.7 69.1 2.6
22 61.5 61.6 60.7 63.9 66.5 68.1 64.1 63.5 64.4 51.0 63.7 2.6
23 65.3 64.2 64.3 65.0 68.0 69.2 67.8 65.9 66.6 55.7 A6.2 1.9
24 59.3 64.4 62.5 65.2 65.9 69.0 61.8 62.8 64.8 56.2 6a.y 2.9
25 56.6 62.5 60.9 63.7 63.6 65.0 58.1 59.4 62.0 55.4 61.2 3.0
26 55.2 57.6 54.8 58.6 62.7 60.3 55.2 56.4 58.5 53.7 57.6 2.8
27 52.4 52.8 50.8 53.8 60.2 58.4 52.3 52.3 55.4 52.2 54.1 3.3
28 49.1 51.2 49.1 51.0 55.5 55.3 50.5 51.7 52.3 50.4 51.7 2.5
29 48.6 51.5 48.3 49.3 53.5 54.3 51.7 52.8 51.8 51.0 51.2 2.3
30 48.2 50.4 47.9 48.4 51.9 52.9 51.8 52.6 50.9 50.9 50.5 2.1
31 47.7 51.5 48.3 48.3 51.2 53.9 51.4 54.4 51.5 52.1 50.8 2.6
32 45.7 49.6 47.0 46.4 48.8 51.4 51.1 53.0 49.8 50.8 49.1 2.6
33 44.0 48.7 45.4 45.0 47.6 49.9 48.2 52.4 48.5 49.7 47.6 2.8
34 42.4 46.8 44.1 43.7 46.2 48.2 48.2 51.7 47.4 48.7 46.4 3.0
35 41.6 46.4 43.0 42.8 45.3 48.1 48.0 50.9 46.8 48.0 45.8 3.2
36 39.7 43.5 41.1 40.2 42.3 45.0 46.0 49.1 44.5 45.5 43.4 3.2
37 37.8 40.8 39.0 37.2 39.2 42.7 44.0 46.4 42.0 42.5 40.9 3.2
38 36.3 39.2 37.0 35.0 37.2 40.8 42.8 44.6 40.3 40.2 39.1 3.4
39 33.4 36.3 35.0 32.0 33.8 38.5 40.3 41.8 37.6 36.5 36.4 3.5
40 29.2 31.9 29.5 28.' 30.0 33.8 35.5 36.7 32.9 30.4 31.9 3.1

AL 61.3 63.8 61.8 63.8 66.5 67.2 64.2 65.2 64.6 64.6 64.2 2.1
OASPL 75.7 77.5 74.8 78.5 80.1 78.8 76.7 77.2 77.7 - 77.4 1.7
PNL 75.2 77.2 75.0 77.1 79.6 80.9 78.5 79.5 78.2 - 77.9 2.1
PNLT 76.7 78.6 76.0 78.9 81.8 82.1 80.1 81.4 79.8 - 79.4 2.3

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 10KHz
* -- UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

-- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME

F



TABLE NO. C.3-1H.2

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 1H (SOFT) - 150 M. NW JUNE 8,1983

FLIGHT IDLEF H DAVERAGE LEVEL

LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 -15 90 135 180 225 270 315 ENERGY AVE ARITH Std

S *** Dv
SOUND PRESSURE LEVEL dD re 20 microPascal

14 49.5 52.4 47.6 52.6 47.6 47.4 50.8 49.7 50.2 5.5 49.7 2.1
15 60.3 61.0 59.6 60.3 58.9 60.0 60.8 59.6 60.1 20.7 60.1 0.7
16 67.8 66.4 66.9 66.1 66.2 67.4 67.5 66.9 66.9 32.3 66.9 0.6
17 60.2 59.8 62.9 58.7 59.2 60.8 60.8 59.8 60.5 30.3 60.3 1.3
18 70.6 69.4 69.5 73.1 71.9 70.5 67.8 69.3 70.5 44.3 70.3 1.7
19 58.8 57.6 57.7 59.5 58.3 60.4 60.9 58.1 59.1 36.6 58.9 1.2
20 55.0 55.6 57.6 56.6 57.1 59.3 60.1 56.3 57.5 38.4 57.2 1.8
21 63.6 61.5 65.1 63.4 68.9 65.2 66.8 69.8 66.4 50.3 65.5 2.8
22 55.3 54.6 59.6 57.7 59.9 60.4 60.6 59.2 58.9 45.5 58.4 2.3
23 60.9 57.6 63.5 62.4 63.8 65.1 65.5 64.7 63.5 52.6 62.9 2.6
24 58.4 58.0 63.2 61.6 61.7 63.2 63.6 61.4 61.8 53.2 61.4 2.1
25 53.6 56.4 60.6 59.6 57.6 59.5 60.8 59.4 58.9 52.3 58.4 2.4
"26 47.2 52.0 54.8 53.8 51.1 53.5 55.0 53.2 53.1 48.3 52.6 2.5
27 39.3 44.8 47.4 46.9 41.8 44.6 46.5 45.4 45.2 42.0 44.6 2.8
28 35.9 39.3 41.5 42.1 37.1 40.6 42.1 40.2 40.3 38.4 39.8 2.3
29 34.3 40.6 40.2 40.3 36.7 40.1 40.8 39.0 39.4 38.6 39.0 2.3
30 35.3 40.6 41.1 41.0 37.4 41.2 41.2 39.5 40.1 40.1 39.7 2.2
31 36.0 40.5 40.7 40.2 37.2 40.8 41.3 38.7 39.8 40.4 39.4 1.9
32 34.8 38.6 38.8 38.8 35.8 38.4 39.1 37.9 38.0 39.0 37.8 1.6
33 34.2 37.6 37.9 37.8 35.2 37.0 38.1 37.2 37.1 38.3 36.9 1.4
34 31.7 36.2 36.2 35.8 34.0 34.8 36.7 35.0 35.3 36.6 35.0 1.6
35 30.7 35.4 34.8 34.5 32.8 33.8 35.7 33.7 34.2 35.4 33.9 1.6
36 28.3 33.4 33.1 32.6 31.9 31.8 33.7 31.9 32.3 33.3 32.1 1.7
37 27.0 33.3 31.6 30.3 30.6 29.8 31.7 30.0 30.9 31.4 30.5 1.8
38 26.3 30.9 29.9 28.8 29.3 28.8 29.8 28.7 29.2 29.1 29.1 1.3
39 24.5 28.3 27.2 26.4 26.8 26.8 27.0 26.1 26.7 25.6 26.6 1.1
40 23.2 25.5 24.7 24.8 24.8 24.4 25.5 24.1 24.7 22.2 24.6 0.8

AL 56.1 56.5 60.3 59.3 59.5 60.3 61.1 60.3 59.5 59.5 59.2 1.9
OASPL 74.1 73.0 74.5 75.5 75.6 75.0 74.7 75.1 74.7 - 74 7 0.8
PNL 68.9 69.5 72.9 71.9 72.5 73.1 73.7 73.3 72.1 - 72.0 1.8
PNLT 70.7 71.3 74.4 74.3 74.7 74.7 74.9 75.3 73.9 - 73.8 1.8

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 10KHz
d- UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
* - A--WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - UNWEIGHTED ARITHGETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME

V.



STAEBLE NO. C.3-1H.3

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 1H (SOFT) - 150 M. NW JUNE 8,1983

GROUND IDLE****
AVERAGE LEVEL

LEVELS • ACOUSTIC EMMISION ANGLES OF (DEGREES) O'JER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 FNERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL dB re 20 nticroPascal

14 - 50.1 -.. 51.4 - - 50.8 6.1 50.7 0.9
15 - 49.3 - - - 50.9 - - 50.2 10.8 50.1 1.1
16 -- 47.6 . .. 49.3 - - 48.5 13.9 48.4 1.2

" " 17 - 49.3 - - - 48.8 - - 49.1 18.9 49.1 0.4
18 - 51.3 .. .. .. 50.0 .- - 50.7 24.5 50.6 0.9
19 -501 - 50.0 27.5 50.0 0.1
20 481 484 - 483 292 48.2 0.2
21 - 47.2 - - - 47.5 - - 47.4 31.3 47.3 0.2
22 - 47.8 .. . 47.2 -- - 47.5 34.1 47.5 0.4
23 - 47.7 - - - 46.6 - -- 47.2 36.3 47.1 0.8
24 - 47.0 . .. . 47.4 - - 47.2 38.6 47.2 0.3
"25 - 46.7 - - - 46.4 - - 46.6 40.0 46.5 0.2
26 - 39.7 - 39.6 - 39.7 34.9 39.6 0.1
27 - 30.0 - - - 30.8 - - 30.4 27.2 30.4 0.6
128 - 28.3 .. .. . 28.9 - - 28.6 26.7 28.6 0.4
29 - 28.5 - - - 28.0 -- - 28.3 27.5 28.2 0.4
30 - 27.7 -. .. . 27.0 - -- 27.4 27.4 27.3 0.5
31 - 9.3 - - - 26.6 - - 28.2 28.8 27.9 1.9
32 28.7 -.. 26.6 - -- 27.8 28.8 27.6 1.5
33 32.8 . 30.2 31.7 32.9 31.5 1.8
34 31.5 30.5 31.0 32.3 31.0 0.7
35 31.2 - - - 29.2 - -- 30.3 31.5 30.2 1.4
36 28.3 .-. 26.8 - - 27.6 28.6 27.6 1.1
37 .2 25.2 - - 25.2 25.7 25.2 0.0
Z38 23.5 -- - 24.0 -- 23.8 23.7 23.7 0.4
39 22.4 - - - 22.5 - - 22.5 21.4 22.4 0.1
40 - 21.7 .- - 21.5 - - 21.6 19.1 21.6 0.1

AL - 46.3 - - - 45.8 - - 46.1 46.1 46.1 0.4
OASPL - 59.6 . .- - 59.8 - - 59.7 - 59.7 0.1
PNL - 58.7 - - - 58.1 - - 58.4 - 58.4 0.4
PNLT -- 59.6 .- - 58.4 - -- 58.9 - 59.0 0.8

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz

* -- UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



TABLE NO. C.3-2H.1

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 2 (SOFT) - 150 M. WEST JUNE 8,1983

HOVER-IN-GROUND-EFFECT

AVERAGE LEVEL
LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* *** Dv
SOUND PRESSURE LEVEL dB re 20 microPascal

14 56.4 58.5 56.1 55.0 55.3 54.6 54.0 55.5 55.9 11.2 55.7 1.4
15 62.3 65.0 63.5 64.9 64.6 63.3 62.1 63.7 63.8 24.4 63.7 1.1
16 73.3 75.3 74.3 74.1 75.4 74.3 73.1 75.0 74.4 39.8 74.3 0.9
17 63.6 65.4 63.6 64.1 64.1 65.4 63.5 63.4 64.2 34.0 64.1 0.8
18 72.6 73.2 68.8 77.7 78.1 73.8 69.4 69.3 74.2 48.0 72.9 3.6
19 64.3 65.8 64.8 66.9 67.6 66.8 63.9 64.3 65.8 43.3 65.5 1.4
20 60.0 60.4 63.4 63.2 66.5 64.6 62.4 61.2 63.2 44.1 62.7 2.2
21 69.5 66.0 69.7 69.9 74.1 66.7 73.1 71.2 70.8 54.7 70.0 2.8
22 61.6 60.4 65.0 65.7 67.0 65.9 65.5 64.2 64.9 51.5 64.4 2.3
23 65.8 63.9 67.2 66.8 69.8 67.4 72.7 67.7 68.4 57.5 67.7 2.6
24 60.0 64.7 67.0 67.0 70.0 67.1 65.1 65.5 66.5 57.9 65.8 2.9
25 60.8 64.7 66.6 67.7 69.5 66.8 64.6 64.8 66.3 59.7 65.7 2.6
26 62.2 64.1 64.7 68.1 69.0 67.2 63.4 64.4 66.0 61.2 65.4 2.4
27 61.6 61.9 61.8 67.7 68.7 65.7 61.7 63.1 65.0 61.8 64.0 2.9
28 58.3 60.4 58.8 64.9 67.1 62.7 60.4 61.0 62.7 60.8 61.7 3.0
29 53.3 55.7 53.4 58.9 61.8 54.9 54.8 55.2 57.0 56.2 56.0 2.9
"30 51.7 49.9 49.7 55.2 57.4 51.9 50.6 51.0 53.1 53.1 52.2 2.7
31 55.3 50.7 48.9 56.7 57.9 54.1 50.4 50.9 54.2 54.8 53.1 3.3
32 55.3 50.4 47.6 56.7 56.2 54.2 50.7 50.5 53.7 54.7 52.7 3.3
33 53.3 49.6 45.5 55.6 53.9 52.0 47.8 49.0 51.9 53.1 50.8 3.4
34 52.2 48.6 44.7 54.5 51.6 50.9 47.7 48.0 50.7 52.0 49.8 3.1
35 51.2 46.9 43.1 52.6 50.2 50.2 47.2 47.0 49.4 50.6 48.5 3.1
36 47.9 43.8 40.9 49.1 46.5 47.1 44.8 45.3 46.3 47.3 45.7 2.6
37 44.8 39.7 38.1 45.7 42.2 44.5 42.0 42.5 43.1 43.6 42.4 2.6
38 42.9 37.8 35.3 43.2 38.8 42.9 40.3 40.6 40.9 40.8 40.2 2.8
39 39.3 34.8 32.8 39.5 34.8 40.1 37.7 37.8 37.7 36.6 37.1 2.7
40 33.3 28.4 26.4 33.2 28.3 34.7 32.4 32.3 31.9 29.4 31.1 3.0

AL 66.7 66.8 67.3 71.2 72.7 69.6 68.1 67.7 69.3 69.3 68.8 2.2
OASPL 78.4 79.4 78.9 81.6 83.0 80.0 79.6 79.3 80.3 - 80.0 1.5
PNL 79.4 79.2 79.3 83.6 84.4 82.2 81.9 79.9 81.6 - 81.2 2.1
PNLT 80.9 80.4 80.2 85.7 86.5 83.4 83.4 81.4 83.2 - 82.7 2.4

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz

* -- UNWEIGHTED ENERGY AVERAGE OF MEASUR<ED LEVELS OVER 360 DEGREES
- A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

*** - UNWEIGHTED ARITHMETIC AVERAGE OF MF)SURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



" TABLE NO. C.3-2H.2

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 2 (SOFT) - 150 M. WEST JUNE 8,1983

- FLIGHT IDLE
AVERAGE LEVELLEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL dB re 20 microPascal

14 56.7 53.1 53.6 54.2 50.9 56.3 58.5 51.5 55.0 10.3 54.3 2.6
15 63.7 62.9 61.6 62.7 62.4 63.6 63.6 62.4 62.9 23.5 62.9 0.7
16 70.3 69.5 68.9 69.3 69.6 70.7 70.7 70.0 69.9 35.3 69.9 0.7
17 63.6 62.0 64.5 62.2 63.8 64.7 63.7 62.2 63.5 33.3 63.3 1.1
18 73.6 70.2 67.8 72.9 73.6 72.3 69.9 70.9 71.8 45.6 /1.4 2.1
19 61.1 59.3 57.7 60.7 62.1 63.2 61.9 60.4 61.1 38.6 60.8 1.7
20 56.8 57.4 58.1 57.5 58.5 61.1 59.5 57.4 58.5 39.4 58.3 1.4
21 65.9 64.8 66.7 65.6 69.9 65.9 69.6 71.8 68.2 52.1 67.5 2.5
22 56.6 58.1 60.8 60.3 59.8 61.0 60.5 60.8 60.0 46.6 59.7 1.6
23 63.4 62.0 65.1 65.2 64.7 67.5 66.7 65.9 65.4 54.5 65.1 1.8
24 59.1 63.4 64.1 65.7 63.7 64.1 63.3 62.7 63.6 55.0 63.3 1.9
25 56.2 63.5 62.1 64.7 61.4 62.6 62.0 61.2 62.2 55.6 61.7 2.5
26 54.4 61.8 59.6 61.4 58.2 61.8 59.7 59.0 60.0 55.2 59.5 2.5
27 51.4 57.9 55.8 56.8 54.6 59.6 56.3 56.2 56.6 53.4 56.1 2.4
28 46.6 53.5 49.6 52.5 48.7 55.9 52.5 51.1 52.1 50.2 51.3 2.9
29 39.3 46.4 41.3 45.5 41.8 49.4 46.0 43.7 45.2 44.4 44.2 3.3
30 38.6 42.1 38.8 42.4 41.3 44.8 42.8 41.6 42.0 42.0 41.5 2.1
31 38.8 42.2 39.8 41.7 42.6 43.3 42.1 42.4 41.8 42.4 41.6 1.5
32 38.6 41.3 39.9 42.5 43.2 42.2 41.5 42.5 41.7 42.7 41.5 1.5
33 37.9 40.4 38.5 40.9 42.6 41.7 40.2 42.8 40.9 42.1 40.6 1.8
34 36.7 38.8 37.6 39.1 41.8 40.7 39.0 42.1 39.8 41.1 39.5 1.9
35 34.0 36.9 35.8 37.3 39.8 38.5 37.6 40.5 38.0 39.2 37.5 2.1
36 32.0 34.3 34.0 35.0 38.4 36.0 35.5 38.6 36.0 37.0 35.5 2.2
37 30.8 31.9 32.5 32.6 37.1 33.5 33.1 35.4 33.8 34.3 33.4 2.0
"38 29.3 29.4 30.9 30.5 34.7 3,.9 31-2 33.3 3i.8 31.7 31.4 1.9"39 25.8 25.9 27.9 27.0 31.2 28-9 27.5 29.9 28.4 27.3 28.0 1.9"40 21.6 21.7 23.4 23.0 26.7 23.9 24.0 25.6 24.1 21.6 23.7 1.8

" " AL 59.1 63.3 62.5 64.1 62.5 64.5 63.2 63.1 63.0 63.0 62.8 1.6
"OASF'L 76.9 75.7 75.4 77.0 77.6 77.5 77.0 77.2 76.8 - 76.8 0.8
PNL 72.3 74.9 74.4 76.0 75.8 76.9 75.8 76.6 75.3 - 75.3 1.5
PNLT 74.2 76.5 75.5 77.9 77.6 78.3 77.4 78.7 76.9 - 77.0 1.5

"BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 10KH=

"* - UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME

,. ..



TABLE NO. C.3-2H.3

AEROSPATIALE AS-3500 HEL!COPTER (ASTAR) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 2 (SOFT) - 150 M. WEST JUNE 8,1983

GROUND IDLE~*****
AVERAGE LEVEL

LEVELS G ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL dB re 20 mnicroPascal

14 56.6 - - - 51.9 - - - 54.9 10.2 54.2 3.3
"15 54.2 - - - 51.8 - - 53.2 13.8 53.0 1.7
16 51.4 - - - 49.7 - - 50.6 16.0 50.5 1.2
"17 51.5 - - - 51.0 - - - 51.3 21.1 51.2 0.4
18 51.8 - - - 50.5 - - - 51.2 25.0 51. 0.9
19 50.6 - - - 50.7 - - - 50.7 28.2 50.6 0.1
20 48.5 - - - 48.7 - - - 48.6 29.5 48.6 0.1
21 46.1 - - - 46.7 - - - 46.4 30.3 46.4 0.4
22 45.4 - - - 45.7 - - - 45.6 32.2 45.5 0.2
23 44.6 - - - 45.8 - - - 45.2 34.3 45.2 0.8
24 43.5 - - -. 46.4 - - - 45.2 36.6 44.9 2.1
25 43.9 - - - 45.0 - - - 44.5 37.9 44.4 0.8
26 41.8 - - - 41.2 - - - 41.5 36.7 41.5 0.4
27 34.9 - - - 35.8 - - - 35.4 32.2 35.3 0.6
28 31.9 - - - 31.8 - - - 31.9 30.0 31.8 0.1
29 30.0 - - - 29.6 - - - 29.8 29.0 29.8 0.3
30 28.7 - - - 28.3 - - - 28.5 28.5 28.5 0.3
31 27.8 - - - 29.8 - - - 28.9 29.5 28.8 1.4
32 28.3 - - - 31.3 - - - 30.1 31.1 29.8 2.1
33 29.1 - - - 34.1 - - - 32.3 33.5 31.6 3.5
34 30.5 - - - 34.5 - - - 32.9 34.2 32.5 2.8
35 28.8 - - - 33.4 - - - 31.7 32.9 31.1 3.3
36 25.9 - - - 32.2 - - - 30.1 31.1 29.0 4.5
37 24.2 - - - 29.4 - - - 27.5 28.0 26.8 3.7
38 22.1 - - - 26.1 - - - 24.5 24.4 24.1 2.8
39 20.8 - - - 23.2 - - - 22.2 21.1 22.0 1.7
40 20.1 - - - 21.2 - - - 20.7 18.2 20.6 0.8

AL 44.9 - - - 46.6 - - - 45.8 45.8 45.7 1.2
OASPL 61.8 - - - 60.3 - - - 61.1 - 61.1 1.1
PNL 57.0 - - - 59.5 - - - 58.4 - 58.2 1.8
PNLT 57.3 - - - 59.7 - - - 58.6 - 58.5 1.7

"BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz

* - UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME

*****- TABULATED LEVELS ARE CONTAMINATED BY LOCAL AMBIENT

fr-,



TABLE NO. C.3-4H.1

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 4H (SOFT) - 300 M. WEST JUNE 8,1983

HOVER-IN-GROUND-EFFECT
AVERAGE LEVEL

LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

SOUND PRESSURE LEVEL dB re 20 nticroPascal

14 51.0 52.0 49.8 51.7 49.6 48.9 50.4 50.3 50.6 5.9 50.5 1.1
15 54.2 57.2 56.6 58.1 56.7 55.8 54.7 55.0 56.2 16.8 56.0 1.3
16 65.2 67.1 66.4 66.6 67.3 66.2 65.1 66.0 66.3 31.7 66.2 0.8
17 55.5 55.9 56.3 58.8 56.0 57.4 54.6 54.1 56.3 26.1 56.1 1.5
18 64.5 63.4 61.4 70.1 70.1 64.7 60.6 59.7 66.0 39.8 64.3 4.0
19 55.8 56.3 58.1 60.7 59.3 58.6 55.8 55.6 57.9 35.4 57.5 1.9
20 51.1 51.5 56.9 58.1 62.1 56.7 54.0 52.1 56.9 37.8 55.3 3.8
21 59.0 56.6 61.5 61.8 64.2 57.1 64.1 60.7 61.4 45.3 60.6 2.9
22 51.4 50.1 56.5 56.7 57.1 54.0 55.9 54.7 55.1 41.7 54.5 2.6
23 55.3 52.7 56.5 56.8 59.9 54.6 61.3 58.0 57.7 46.8 56.9 2.8
24 49.4 51.2 55.3 56.6 58.9 53.8 54.6 55.0 55.2 46.6 54.3 3.0
25 48.8 49.5 53.7 55.6 57.5 51.7 52.2 52.7 53.6 47.0 52.7 2.9
26 46.3 44.9 48.9 53.7 54.8 48.6 47.7 48.5 50.5 45.7 49.2 3.4
27 41.7 40.6 42.9 50.0 51.2 43.0 41.9 42.3 46.2 43.0 44.2 4.0
28 37.2 38.7 39.9 46.1 47.5 38.4 37.2 40.1 42.5 40.6 40.6 4.0
29 36.0 39.9 38.7 44.3 45.1 36.9 37.4 40.0 41.0 40.2 39.8 3.3
30 37.0 40.1 39.4 44.2 44.3 36.6 38.2 39.9 40.9 40.9 40.0 2.9
31 38.2 39.8 39.6 44.5 44.1 37.0 38.3 39.7 41.0 41.6 40.1 2.7
32 37.5 39.3 39.0 43.3 41.9 36.8 38.3 39.0 39.9 40.9 39.4 2.2
33 35.7 36.7 37.1 41.0 39.7 33.7 35.0 37.1 37.6 38.8 37.0 2.4
34 34.2 35.4 35.9 40.2 37.9 32.3 34.5 35.4 36.4 37.7 35.7 2.4
35 32.6 34.2 34.1 38.5 35.7 31.6 33.3 33.4 34.7 35.9 34.2 2.1
36 - 30.8 30.0 33.6 - - 29.4 - 31.3 32.3 30.9 1.9
37 .- - - - - -
38 -
39 -
40

AL 51.9 52.0 54.8 57.7 58.9 53.0 55.4 54.5 55.5 55.5 54.8 2.5
OASPL 69.5 70.0 70.4 73.4 74.0 70.4 70.2 69.5 71.3 - 70.9 1.8
PNL 64.8 64.3 67.2 70.1 71.1 65.4 68.5 67.0 68.2 - j7.3 2.5
PNLT 66.3 65.5 68.0 71.9 73.2 66.5 70.0 68.2 69.7 - 68.7 2.8

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz

* - UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME

"7



TABLE NO. C. 3-4H. 2

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 4H (SOFT) - 300 M. WEST JUNE 8,1983

FLIGHT IDLE
AVERAGE LEVEL

LEVELS (@ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* ** *** DvSOUND PRESSURE LEVEL dB re 20 microPascal

14 48.5 48.1 49.6 54.0 51.6 52.7 47.2 53.5 51.3 6.6 50.6 2.6
15 55.8 53.8 54.1 55.2 55.1 56.1 54.4 55.4 55.1 15.7 55.0 0.8
16 62.1 60.5 61.1 60.5 61.5 62.5 62.1 61.2 61.5 26.9 61.4 0.8
17 56.3 51.3 55.1 52.8 54.7 57.1 55.1 53.4 54.8 24.6 54.5 1.9
18 65.7 60.7 59.2 62.5 64.5 63.3 61.3 61.4 62.8 36.6 62.3 2.1
19 53.3 49.7 49.3 50.9 52.8 57.6 53.3 51.2 53.1 30.6 52.3 2.7
20 51.1 49.8 49.2 48.8 50.1 55.4 51.5 48.4 51.2 32.1 50.5 2.2
21 58.7 58.3 56.9 55.7 60.5 56.6 60.6 61.5 59.0 42.9 58.6 2.1"22 48.4 49.7 51.3 49.7 49.6 52.0 51.0 50.6 50.4 37.0 50.3 1.2
23 53.9 51.2 54.4 52.8 52.8 55.4 55.1 55.5 54.1 43.2 53.9 1.5
24 48.0 51.8 51.1 51.8 50.8 51.0 50.2 51.0 50.8 42.2 50.7 1.2
25 43.8 49.9 47.0 48.9 46.9 47.4 47.0 47.8 47.6 41.0 47.3 1.8
26 '39.0 46.4 41.3 42.9 40.6 43.6 41.7 43.2 42.9 38.1 42.3 2.2
27 34.0 41.6 35.6 35.7 35.2 40.1 35.8 37.2 37.7 34.5 36.9 2.6
28 31.1 36.6 32.3 34.3 33.0 37.8 32.9 31.8 34.3 32.4 33.7 2.4
29 31.2 36.4 33.1 35.5 33.8 37.8 34.7 32.3 34.8 34.0 34.3 2.2
30 32.2 36.4 34.5 36.3 34.9 38.2 36.4 33.1 35.6 35.6 35.2 2.0
31 32.3 36.3 34.8 36.9 34.8 37.7 36.7 33.4 35.7 36.3 35.4 1..9
32 31.1 35.3 34.4 36.2 34.7 36.9 35.6 33.4 35.0 36.0 34.7 1.8
33 30.0 33.6 33.0 34.1 33.4 35.4 33.7 31.9 33.4 34.6 33.1 1.6
34 29.6 31.8 31.8 32.3 32.2 33.3 32.5 29.9 31.S 33.1 31.7 1.3
35 - 30.0 - 29.9 30.8 - 30.4 - 30.3 31.5 30.3 0.4
36 - -.-- - - - - - - -

37 - -.....
38 - - -

39 - -.....*:: 40 - -.......

AL 49.2 51.1 50.0 50.4 50.5 51.5 51.0 51.1 50.7 50.7 50.6 0.7
(OASPL 68.9 66.2 66.1 66.6 68.4 68.5 67.6 67.6 67.6 - 67.5 1.1
PNL 61.9 63.1 62.5 62.7 63.8 64.7 64.1 63.9 63.5 - 63.3 0.9
F'NLT 63.7 64.8 63.6 64.5 65.6 65.7 65.7 65.9 65.0 - 64.9 0.9

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 1OKHz

UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
A* -- UWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

-- 32 SECOND AVERGING TIME



TABLE NO. C.3-4H.3

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 4H (SOFT) - 300 M. WEST JUNE 8,1983

GROUND IDLE*****S~AVERAGE LEVEL
LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL dB re 20 microPascal

14 48.2 - - - 52.7 - - - 51.0 6.3 50.4 3.2
15 47.4 - - - 51.4 - - - 49.8 10.4 49.4 2.8
16 46.7 - - - 49.6 - - - 48.4 13.8 48.1 2.1
17 47.3 - - - 48.8 - - - 48.1 17.9 48.1 1.1
18 50.2 - - - 49.3 - - - 49.8 23.6 49.7 0.6
19 48.4 - - - 49.4 - - - 48.9 26.4 48.9 0.7
"20 46.2 - - - 45.6 -. . . 45.9 26.8 45.9 0.4
"21 43.3 - - - 42.6 - - - 43.0 26.9 42.9 0.5
"22 40.8 - - - 39.8 - - - 40.3 26.9 40.3 0.7
"23 38.2 - - - 37.7 - - - 38.0 27.1 37.9 0.4
24 33.3 - - - 34.2 - - - 33.8 25.2 33.7 0.6
25 30.4 - - - 30.5 - - - 30.5 23.9 30.4 0.1
2o 26.0 - - - 25.6 - - - 25.8 21.A 25.8 0.3
27 23.4 - - - 24.7 - - - 24.1 20.9 24.0 0.9
28 24.6 - - - 25.4 - - - 25.0 23.1 25.0 0.6
29 24.8 - - - 25.6 - - - 25.2 24.4 25.2 0.6
30 24.7 - - - 24.3 - - - 24.5 24.5 24.5 0.3
"31 23.2 - - - 23.9 - - - 23.6 24.2 23.5 0.5
32 21.5 .- - 22.6 - - - 22.1 23.1 22.1 0.8
33 21.2 - - - 22.3 - - - 21.8 23.0 21.7 0.8
34 22.5 - - - 22.8 - - - 22.7 24.0 22.6 0.2
35 26.8 - - - 23.6 - - - 25.5 26.7 25.2 2.3
36 23.3 - - - 24.7 - - - 24.1 25.1 24.0 1.0
37 - - - - 22.1 - - - 22.1 ?2.6 22.1 -
38 - - - 19.7 - - - 19.7 19.6 19.7 -
39 .- 19.1 - - - 19.1 18.0 19.1 -
40 . . . . 19.1 . .. .. 19.1 16.6 19.1 -

AL 38.0 - - - 38.0 - - - 38.1 38.1 36.0 0.0
"OASPL 56.8 - - - 58.7 - - - 57.9 - 57.7 1.3
PNL 50.4 - - - 49.7 - - - 50.0 - 50.0 0.5
FPNLT 51.7 - - - 50.2 - - 50.5 - 50.9 1.1

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 1OHz

* -UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 760 DEGREES

- 32 SECOND AVERGING TIME

S ***- TABULATED LEVELS ARE CONTAMINATED BY LOCAL AMBIENT
4,



TABLE NO. C.3-5H.1 (REV.1)

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC6/11/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 5H (HARD) - 150 M. NORTH JUNE 8,1983

HOVER-IN-GROUNb-EFFECT
AVERAGE LEVEL

LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL dB re 20 microPascal

14 - .. .. . 61.6 61.1 - - 61.4 16.7 61.4 0.4
15 - - - 63.5 63.4 - - 63.5 24.1 63.4 0.1
16 - - - 72.1 72.5 - - 72.3 37.7 72.3 0.3
17 - - - 63.7 65.8 - - 64.9 34.7 64.7 1.5
18 - - - 77.B 75.2 - - 76.7 50.5 76.5 1.9
19 - - - 68.4 70.0 - - 69.3 4S.8 69.2 1.1
20 .. ..- 65.5 69.2 - - 67.7 48.6 67.3 2.6
21 .- 76.0 73.1 - - 74.8 58.7 74.6 2.1
22-. . . .. 70.9 73.3 - - 72.3 58.9 72.1 1.7
23 . . . .. 74.6 75.2 - - 74.9 64.0 74.9 0.4
24 .- 75.3 77.3 - - 76.4 67.8 76.3 1.4
25 . - - 75.8 78.1 - - 77.1 70.5 76.9 1.6
26 .-. - 76.5 78.7 - - 77.7 72.9 77.6 1.6
27 ..- - 76.9 78.4 - - 77.7 74.5 77.6 :.1
28 - - - - 75.5 76.9 - -- 76.3 74.4 76.2 1.0
29 - - - - 71.9 73.2 - - 72.6 71.8 72.5 0.9
30 - - - . 70.0 71.2 - -- 70.6 70.6 70.6 0.8
31 - - - - 69.5 70.9 - - 70.3 70.9 70.2 1.0
32 - - - - 67.8 68.6 - - 68.2 69.2 68.2 0.6
33 - - - - 65.2 65.8 - - 65.5 66.7 65.5 0.4
34 - - - 63.1 63.9 - - 63.5 64.8 63.5 0.6
35 - - - 61.2 62.5 - - 61.9 63.1 61.8 0.9
36 - - 56.7 57.7 - - 57.2 58.2 57.2 0.7
37 - - 52.3 53.7 - - 53.1 53.6 53.0 1.0
38 . . .. .. 50.8 52.5 - - 51.7 51.6 51.6 1.2
39 - . . 46.5 48.7 - - 47.7 46.6 47.6 1.6
40 . . . 39.7 42.0 - - 41.0 38.5 40.8 1.6

AL . . . . 81.1 82.6 - - 81.9 Bl.T 81.9 1.1
OASP. - - 86.3 87.2 - - 86.8 - 86.7 0.6
PNL . . . . 92.3 93.6 - - 93.0 - 92.9 0.9
PNLT . . . . 94.2 94.8 .. .. 94.6 - 94.5 0.4

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz

* - UNWEIGHTED ENEPGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
- A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

** -- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



TABLE NO. C.3--5H.2 (REV.1)
AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC

6/11/84
1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 5H (HARDI - 150 M. NORTH JUNE 8,1983

FLIGHT IDLE
AVERAGE LEVEL.

LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 1s0 225 270 315 ENERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL dB re 20 microPascal

14 58.3 62.8 57.3 59.5 52.7 57.1 63.1 55.5 59.5 14.8 58.3 3.5
15 61.7 64.4 61.9 62.4 61.1 62.3 64.8 62.1 62.8 23.4 62.6 1.3
16 68.2 69.5 67.6 67.3 68.3 69.0 70.0 68.3 68.6 34.0 68.5 0.9
17 61.5 63.3 64.3 60.3 61.5 62.3 64.6 61.1 62.6 32.4 62.4 1.6
18 70.7 68.3 68.5 73.2 72.9 70.7 68.0 69.7 70.7 44.5 70.2 2.0
19 59.2 60.8 58.6 59.8 60.6 61.1 64.0 62.4 61.1 38.6 60.8 1.7
"20 54.9 57.0 59.0 57.2 57.9 59.4 63.6 62.9 59.9 40.8 59.0 3.0
21 62.6 65.1 68.0 64.4 70.7 64.5 68.6 68.0 67.2 51.1 66.5 2.7
22 5b.7 56.5 60.0 59.6 61.0 62.0 65.7 63.0 61.5 48.1 60.4 3.3
23 62.8 59.7 65.9 66.0 66.8 65.0 70.4 68.4 66.6 55.7 65.6 3.3
24 60.0 60.5 65.7 64.5 66.5 64.8 71.0 66.9 66.2 57.6 65.0 3.5
25 59.3 61.3 63.7 64.5 64.9 64.9 71.6 66.6 66.1 57.5 64.6 3.6
26 59.0 61.1 62.2 62.9 64.5 64.9 71.6 66.5 65.8 61.0 64.1 3.8
27 58.1 59.9 64.7 62.8 63.8 64.8 71.0 65.8 65.5 62.3 63.9 3.9
28 56.0 58.1 62.1 63.1 62.3 62.7 69.2 63.8 63.8 61.9 62.2 3.9
29 52.9 57.6 60.1 60.0 59.6 59.6 65.0 60.5 60.5 59.7 59.4 3.4
30 51.9 55.1 57.4 57.2 58.4 58.1 63.6 58.8 58.7 58.7 57.6 3.3
31 49.9 52.0 54.6 54.8 57.2 56.1 62.0 56.3 56.8 57.4 55.4 3.6
32 46.8 49.8 50.8 52.4 55.3 53.2 59.5 54.0 54.2 55.2 52.7 3.8
33 44.6 46.3 46.8 49.1 53.6 50.3 56.9 51.1 51.6 52.8 49.8 4.1
34 43.6 43.7 44.0 47.4 52.8 48.0 54.2 49.3 49.6 50.9 47.9 4.1
35 41.2 42.2 41.9 45.5 51.1 45.4 51.9 47.3 47.5 48.7 45.8 4.1
36 38.2 38.9 38.7 41.8 47.9 41.6 48.0 44.3 44.0 45.0 42.4 4.0
37 36.6 37.6 37.0 39.8 45.9 39.1 45.7 42.2 42.0 42.5 40.5 3.7
38 36.3 38.2 37.4 39.4 45.2 39.4 45.3 41.7 41.6 41.5 40.4 3.4
39 33.3 35.7 35.0 36.4 41.e 16.5 41.7 38.1 38.3 37.2 37.3 3.1
40 27.4 30.1 30.0 31.6 36.9 D.8 37.2 32.3 33.3 30.8 32.0 3.4

AL 63.0 65.1 68.2 68.2 69.4 68.9 75.0 70.1 69.8 69.8 68.5 3.5
OASPL 75.0 75.5 76.5 77.2 78.2 77.0 80.9 77.9 77.6 - 77.3 1.8
PNL 74.8 76.5 79.2 79.1 81.A 80.0 86.1 81.6 81.1 - 79.8 3.4
PNLT 76.5 77.9 80.4 81.3 83.4 81.5 86.7 82.9 82.6 - 81.3 3.2

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz

* -- UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A--WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



TABLE NO. C.3-5H.3 (REV.1)

AEROSPATIALE AS-350D HELICOPTER (ASTAR) DOT/TSC6/11/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 5H (HARD) - 150 M. NORTH JUNE 8,1983

"GROUND IDLE
AVERAGE LEVEL

LEVELS 0 ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND 
- - - - - - - - - - -

NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std
* ** *** Dv

SOUND) RESSURE LEVEL dB re 20 microPasca1

14 - -- 64.1 - - - 55.4 -- 61.6 16.9 59.7 6.2
15 - - 61.4 - - 53.3 - 59.0 19.6 57.3 5.7
16 - - 61.0 - - 51.8 - 58.5 23.9 56.4 6.5
17 - - 59.2 -. . . 50.4 - 56.7 26.5 54.8 6.2
18 - -- 57.2 - - - 50.3 - 55.0 28.8 53.7 4.9
19 - - 54.3 - - - 49.4 - 52.5 30.0 51.8 3.5
20 - - 51.5 - - - 47.4 - 49.9 30.8 49.4 2.9
21 - - 50.2 - - - 48.5 - 49.4 33.3 49.3 1.2
22 . -. 50.6 - - - 50.0 - 50.3 36.9 50.3 0.4
23 - - 50.0 - - - 50.3 - 50.2 39.3 50.1 0.2
2 .. -. 51.5 .- - 52.2 - 51.9 43.3 51.8 0.5
25 - - 51.6 - - - 52.7 - 52.2 45-6 52.1 0.8
26 -- - 48.5 - - - 49.9 - 49.3 44.5 49.2 1.0
27 - - 47.9 - - - 46.0 - 47.1 43.9 46.9 1.3
28 -- - 41 8 - - - 45.3 - 46.1 44.2 46.1 1.1
29 - - 50.1 - - - 44.3 - 48.1 47.3 47.2 4.1
30 - - 47.0 - - - 43.4 - 45.6 45.6 45.2 2.5
31 - - 46.5 - - - 42.4 - 44.9 45.5 44.4 2.9
"32 - - 45.1 -. - 42.0 - 43.8 44.8 43.6 2.2
"33 - - 43.6 - - - 41.1 - 42.5 43.7 42.4 1.8
34 -- - 43.6 - - - 40.9 - 42.5 43.8 42.2 1.9
35 - - 43.6 - - - 41.9 - 42.8 44.0 42.7 1.2
36 -- - 41.2 - - - 40.2 - 40.7 41.7 40.7 0.7
37 - - 38.3 - - - 37.6 - 38.0 38.5 37.9 0.5
38 - - 38.2 - - 36.7 - 37.5 37.4 37.4 1.1
39 - - 35.3 - - - 33.2 - 34.4 33.3 34.2 1.5
40 - - 29.7 - - - 28.4 - 29.1 26.6 29.0 0.9

AL - - 57.1 - - - 55.0 - 56.2 56.2 56.1 1.5
OASFL -- - 69.1 - - - 63.0 - 67.0 - 66.1 4.3
PNL - - 69.9 - - - 67.8 - 69.0 - 68.8 1.5
PNLT - - 70.9 - - - 68.1 - 69.5 - 69.5 2.0

.BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 10KHz

*.- UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

-- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



APPENDIX D

Direct Read Acoustical Data for Static Operations

This appendix contains time averaged, A-weiglted sound level data (Leq
values) obtained usirg direct read Precision Integrating Sound Level
meters. Data are presented for microphone locations 5H, 2, and 4 (see
Figure 3.3).

A description of the measurement systems is provided in Section 5.6.2, and
a figure of the typical PISLM system is shown in Figure 5.4. Data are
shown in Table D-1, depicting the equivalent sound levels for eight
different curccc emission angles. In each case the angle is indexed to
the specific measurement site. A figure showing the emission angle
convention is included in the text (Figure 6.1). In each case, the Leq
(or time averaged AL) represents an average over a sample period of
approximately 60 seconds.

Quantities appearing in this appendix include:

HIGE Hover-in-ground-effect, skid height 5 feet above
ground level

HOGE Hover-out-of-ground-effect, skid height 30 feet
above ground level

Flight Idle Skids on ground

Ground Idle Skids on ground

•.1
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TABLE D.1.1

STATIC OPERATIONS
DIRECT READ DATA

(ALL VALUES A-WEIGHTED LEO, EXPRESSED IN DEC:BLES)

ASTAR

6-8-83

SITE 4H (SOFT SITE)

HIGE FLT.IDLE 81N.IDLE

1-0 54.30 J-DA 50.40 J-OB 40.30
1-315 56.80 J-315A 52.40 J-315B NA
1-270 57.70 J-270A 53.30 J-270B NA
1-225 55.20 J-225A 52.60 J-2258 NA

1-180 61.00 J-160A 52.20 J-1806 39.00
1-135 59.70 J-135A 51.90 J-135B NA
1-90 56.30 J-90A 51.30 J-90B
1-45 54.90 J-45A 51.80 J-45B NA

SITE 2 (SOFT SITE)

HIGE FLT.IDLE GND.IDLE

1-0 65.80 J-OA 59.40 J-OB 47.20
1-315 68.20 J-315A 62.00 J-315B NA

1-270 68.10 J-270A 63.40 J-270B NA
1-225 68.20 J-225 63.70 J-225B
1-180 72.30 J-180A 62.50 J-180B 46.10
1-135 71.40 J-135A 64.30 J-135B
1-90 67.40 J-90A 62.00 J-90B NA
1-45 65.40 J-45A 65.20 J-45B

0',,,,



TABLE D.1.2

STATIC OPERATIONS
DIRECT READ DATA

(ALL VALUES A-QEIGKTED LEO, EXPRESSED IN DECIBLES)

ASTAR

6-8-83

SITE 5H (HARD SITE)

HIGE FLT.IDLE 611.IDLE

1-0 NA J-OA 68.80 J-OB 55.20
1-315 76.70 J-315A 66.70 J-315B NA
1-270 73.70 J-270A 64.70 J-270B NA
1-225 74.40 J-225A 69.00 J-225B NA
1-180 78.00 J-180A 74.40 J-180B 56.00
1-135 83.50 J-135A 69.20 J-1358 NA
1-90 83.50 J-90A NA J-908 NA
1-45 77.00 J-45A NA J-45B NA

SITE 7H (HARD SITE)

HIGE FLT.IDLE GND.IDLE

1-0 71.49 J-OA 59.67 J-OB 51.12
1-315 70.61 J-315A 59.54 J-3158 NA
1-270 66.03 J-270A 58.46 J-2708 NA
1-225 67.78 J-225A o2.97 J-225B 49.79
1-180 69.85 J-180A 67.50 J-180B NA
1-135 74.99 J-135A 60.69 J-135B NA
1-90 77.36 J-90A 62.48 J-90B NA
1-45 70.14 J-45A 60.60 J-45B NA



*i APPENDIX E

Cockpit Instrument Photo Data

During each event of the June 1983 Helicopter Noise Measurement program
cockpit photos were taken. The slides were projected onto a screen
(considerably enlarged) making it possible to read the instruments with
reasonable accuracy. The photos were supposed to be taken when the
aircraft was directly over the centerline-center microphone site.

-. Although this was not achieved in each case the cockpit photos reflect the
helicopter "stabilized" configuration during the test event. One
important caution is necessary in interpreting the photographic
information; the snapshot freezes instrument readings at one moment of

* time whereas most readings are constantly changing by a small amount as
the pilot "hunts" for the reference condition. Thus fluctuations above or
below ref-rence conditions are to be anticipated. The instrument readings
are most useful in terms of verifying the region of operation for
different parameters. The data acquisition is discussed in Section 5.3

Each table within this appendix provides the following information:

Event No. This event number along with the test date provides
a cross reference to other data.

Event Type This specifies the event.

Time of Photo The time of the range control synchronized clock
consistent with acoustical and tracking time

"" bases.
"Heading The compass magnetic heading which fluctuates

around the target heading.

Altimeter Specifies the barometric altimeter reading, one of
the more stable indicators.

IAS Indicated airspeed, a fairly stable indicator.

"" - Rotor Speed Main Rotor speed in RPM or percent, a very stable
indicator.

Torque The torque on the main rotor shaft, a fairly stable
value.li

K%. -
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' APPENDIX F

Photo-Altitude and Flight Path Trajectory Data

"This appendix contains the results of the photo-altitude and flight path
trajectory analysis.

"The helicopter altitude over a given microphone was determined by a
photographic technique which involves photographing an aircraft during a
flyover event and proportionally scaling the resulting image with the
known dimensions of the aircraft. The data acquisition is descrihed in
detail in Section 5.2. The detailed data reduction procedures is set out
in Section 6.2.1; the analysis of these data is discussed in Section 8.2

"Each table within this appendix provides the following information:

"Event No. the test run number

Est. Alt. estimated altitude above microphone site

P-Alt. altitude above photo site, determined by
photographic technique

Est. CPA estimated closest point of approach to microphone
site

Est. ANG Helicopter elevation with respect to the ground as
viewed from a sideline site as the helicopter

passes through a plane perpendicular to the flight
track and coincident with the observer location.

ANG 5-1 flight path slope, expressed in degrees, between
P-Alt site 5 and P-Alt site 1.

ANG 1-4 flight path slope, expressed in degrees, between
P-Alt Site 1 and P-Alt Site 4.

"ANG 5-4 flight path slope, expressed in degrees, between
"P-Alt Site 5 and P-Alt Site 4.

Reg C/D Angle flight path slope, expressed in degress, of
regression line through P-Alt data points.



"TABLE F.1

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 T.LYVLJER(0.9*VH)/TARGET 104~30.5 MPH

CENTERLINE SIDELINE

MIC #5 miC !1 MIC #4 IIC #2 MIC #3 REG.
EST. EST. EST. EST. ELEY EST. ELEV NG AG *6G C/O

EVENT NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA .A6 CPA AlG 5-1 1-4 5-4 AIGLE

A22 538.5 529.8 535.7 556.7 533.5 522.5 727.3 47.4 727.6 47.4 3.1 -3.9 -.3 -. 2
A23 570.7 567.3 600 592.3 623.4 620.3 775.9 50.6 773.1 50.8 2.9 3.3 3.1 2.7
A24 534.4 527.5 535.8 550.7 536.8 528.2 727.4 47.4 727.3 47.4 2.7 -2.5 0 .1
A25 555.2 550.4 568.6 572.3 579.3 573.9 751.9 49.1 750.6 49.2 2.5 .2 1.4 1.2
A26 513.5 508.5 513.9 525.1 514.2 507.9 711.5 46.2 711.4 46.2 1.9 -1.9 0 0
A27 585.8 581 606.4 606.4 622.9 617.7 780.9 50.9 778.9 51 3 1.3 2.1 1.9

AVERAGE 549.7 544.1 560.1 567.3 568.4 561.8 745.8 48.6 744.8 48.7
STD. DEV 26.2 27.2 37.8 29.5 47.5 49.5 28.4 1.9 27.2 2

TABLE F.2

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER(O.8iJ.H)/TARGET IAS=116 MPH

CENTERLINF SIDELINE

MIC #5 MIC 11 MIC #4 MIC #2 MIC #3 REG.
EST. EST. EST. EST. ELEV EST. ELEV A46 ONG iNG C/D

EVENT NO ALT. P-ALT. ALT. P-ALT. ALT. P-4LT. CPA ANG CPA AG 5-1 1-4 5-4 ANGLE

828 540.8 536.3 546.7 553.6 551.4 546 735.5 48 734.9 48 2 -. 8 .6 .5
829 552.8 550.4 549.3 556.7 546.5 543.3 737.4 48.2 737.8 48.1 .7 -1.5 -. 3 -. 2
"830 473.1 474.4 485.5 476 495.4 497.5 691.2 44.6 690.1 44.7 .2 2.5 1.3 1.1
"031 516.8 510.7 534.6 539 548.8 541.9 726.6 47.4 724.9 47.4 3.3 .3 1.8 1.7

AVERAGE 520.9 518 529 531.3 535.5 532.2 722.7 47.1 721.9 47.1
* STD. DEV 35.2 33.4 29.7 37.7 26.8 23.2 21.5 1.7 21.9 1.6

[.•-,J
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'• 1)TABLE F.3

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER(O.7*VH)/TARGET ]49-=101.5 MPH

CENTERLINE SIDELINE

NIC #5 MIC #1 NIC 14 MIC 62 NIC 13 REG.
EST. EST. EST. EST. ELEV EST. ELEV 8 ANG AN6 C/D

EVENT NO ALT. P-ALT. ALT. P-ALT, ALT. P-ALT. CPA AG CPA NG 5-1 1-4 5-4 ANGLE

C32 548.5 550.4 568.5 553.6 584.6 587.8 751.9 49.1 749.9 49.2 .4 4 2.2 1.9
C33 568.8 566 562.8 572.3 558 554.2 747.5 48.8 748.1 48.8 .7 -2 -. 6 -. 5
C34 544.8 541.8 575.4 566 599.9 597.4 757.1 49.5 754.1 49.6 2.8 3.7 3.2 2.8
C35 548.9 546.7 536 547.7 525.8 522.5 727.6 47.5 728.9 47.4 .1 -2.8 -1.3 -1.1
C36 550.2 546.7 547 556.7 544.5 539.9 735.7 48 736 48 1.2 -1.9 -. 3 -. 2

AVERAGE 552.2 550.3 558 559.3 562.5 560.4 744 48.6 743.4 48.6
STD. DEV 9.5 9.3 16.1 9.8 29.9 31.7 12.1 .8 10.6 .9

TABLE F.4

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 1000 FTFLYOVER o.9VhWTARGET IAS130.5 MPH

CENTERLINE SIDELINE

MIC #5 NIC #1 MIC 64 MIC #2 NIC 63 REG.
EST. EST. EST. EST. ELEY EST. ELEV 0N6 01G 016 C/D

EVENT NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA 016 CPA 016 5-1 1-4 5-4 ANGLE

D37 1013.9 1006.5 1059.9 NA 1087.2 1079.8 1168.5 65.1 1163.2 NA NA IN 4.3 4.3
D38 1081.1 1078.7 1075.4 1083.7 1071 1067.3 1182.6 65.4 1183.3 65.4 .6 -1.8 -. 5 -. 4
D39 1076.1 1041.3 1054.9 1144.6 1038 993.4 1164 65 1166.4 65 11.9 -17 -2.7 -1.9
D40 1087.1 1078.7 1089.6 1107.3 1091.6 1081.1 1195.5 65.7 1195.2 65.7 3.3 -2.9 .1 .2

AVERAGE 1064.6 1051.3 1070 1111.9 1071.9 1055.5 1177.7 65.3 1177 65.4
STD. OEV 34 34.7 15.7 30.7 24.3 41.8 14.3 .3 15 .4



* TABLE F.5
HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: ICAD TAKEOFF/TARGET 1AS=63 MPH

"CENTERLINE SIDELINE

MIC #5 MIC #1 MIC 14 HIC #2 NIC #3 REG.
EST. EST. EST. EST. ELEV EST. ELEV A8 AN6 AN6 C/D

EVENT NO ALT. P-ALT. ALT. P-ALT. ALT, P-ALT. CPA ft1G CPA AG 5-1 1-4 '.'4 ANGLE

EJO 425.9 398.9 586.7 562.8 714,9 687.6 765.7 50 750 50.6 18,4 14.2 16.4 14.9
Ell 430.8 379.5 674.4 661.5 868.7 814.4 834.8 53.9 809.8 54.6 29.8 17,3 23.8 22.6
"E12 461.4 469 528.8 476 582.6 595 722.3 47.1 716 47.3 .8 13.6 7.3 6.3
E13 377., 346.5 536.5 522.4 663.4 631.1 728 47.5 713.1 48.1 19.7 12.5 16.1 14.8
E14 383.1 355.3 562.5 530.6 705.5 678 747.3 48,8 730.2 49.5 19.6 16.7 18.2 16.7
E15 366.8 336 560.6 527.8 715.1 684.4 745.8 48.7 727.4 49.4 21.3 17.7 19.5 18

% E16 410.1 379.5 600.5 569.1 752.3 721.7 776.3 50.7 757.6 51.3 21.1 17.2 19.2 17.7
E17 427.2 395 645.4 '02.8 819.4 788 811.5 52.7 789.5 53.4 22.9 20.6 21.8 20.3

AVERAGE 410.3 382.5 586.9 556.6 727.7 700 766.5 49.9 749.2 50.5
STD. DEV 32.2 41.6 51.4 56.7 88.5 73.6 39.7 2.4 35.1 2.5

TABLE F.6

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: ICAO 6 DEGREE APPROACH/TARGET IAS=63 MPH

CENTERLINE SIDELINE

"MIC #5 MIC #1 MIC 14 MIC 12 MIC 13 REG.
"EST. EST. EST. EST. ELEV EST. ELEV AG A6 ANG C/D

"EVENT NO ALT. P-ALT. ALT, P-ALT. ALT. P-ALT. CPA A6 CPA AN6 5-1 1-4 5-4 ANGLE

FI 285.9 273.4 347.6 335.1 409.3 NA 602.4 35.2 605.8 NA 7.1 NA N 7.1
F2 294.6 283.9 353.6 346.5 400.7 389.8 605.9 35.7 6U0.5 36 7.3 5 6.1 5.5
F3 308 299.1 365 355 410.4 401.6 612.6 36.6 608.3 36.9 6.5 5.4 5.9 5.3
F4 291.2 280.3 353.9 345.3 403.9 392.9 606.1 35.7 601.4 36.1 7.5 5.5 6.5 5.8
F5 282 272.1 353.9 338.4 411.1 401.6 606 35.7 600.7 36.1 7.7 7.3 7.5 6.7
"F6 291 276.2 158.3 356.2 411.9 396.1 608.6 36.1 603.6 36.4 9.2 4.6 6.9 6.2
F7 293.5 280.3 352.6 351.3 399.8 385.6 605.3 35.6 600.9 36 8.2 4 6.1 5.5
F8 301.6 288.3 361.6 360 409.3 395.1 610.6 36.3 606.1 36.6 8.3 4.1 6.2 5.6
F9 298.2 288.3 353.1 346.5 394.9 386.7 605.6 35.7 601.5 36 6.7 4.7 5.7 5.1

- AVERAGE 294 282.4 355.5 348.3 405.9 393.7 607 35,8 603.3 36.3
STD. DEV 7.9 8.6 5.2 8.2 5.7 131.4 3.1 .4 2.8 .3



TABLE F.7

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: TAKEOFF/TARGET IAS=63 MPH

CENTERLINE SIDELINE

MIC 35 NiC Ii NIC 34 MIC 12 NYC 33 REG.
EST. EST. EST. EST. ELEV EST. ELEV AG ANG A6 C/D

EVENT NO ALT. P-ALT. ALT. P-*lT. ALT. P-ALT. CPA AN6 CPA ANG 5-1 1-4 5-4 A6LE

649 332.3 306 474.5 458.9 587.9 560.7 683.5 44 671 44.6 17.3 11.7 14.5 13.2
650 410.6 383.4 534.8 530.6 633.9 604.9 726.7 47.4 715.1 47.9 16.7 8.6 12.7 11.5
651 432.6 398.5 579.3 578.8 696.3 659.6 760.1 49.7 745.8 50.2 20.1 9.3 "1.9 13.6
652 407.6 376.9 564 550.7 688.7 656.6 748.4 48.9 733.4 49.5 19.5 12.1 15.9 14.5
653 413.7 384.7 584.3 559.7 720.3 690.9 763.8 49.9 747.3 5d.5 19.6 14.9 17.3 15.8
614 393 367 520.6 511.9 622.3 595 716.3 46.6 704.5 47.1 16.4 9.6 13 11.8

"AVERAGE )3003 3.9.4 542.9 531,8 658.2 628 733.1 47.8 719.5 48.3
STD. DBJ 34.7 32.7 41.8 42.6 51.1 48.8 30.6 2.2 29.2 2.2

TABLE F.8

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 9 DEGREE APPROACH/TARGET 1AS63 MPH

CENTERLINE SIDELINE

MIC 35 MIC 10 MIC 14 MIC #2 NIL 03 REG.
EST. EST. EST. EST. ELEU EST. ELEV ANG AN6 AN6 C/D

EVENT NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA AN6 CPA A16 5-1 1-4 5-4 ANGLE

HI8 302.2 286.8 384.9 375.9 451 435.1 624.7 38 618.2 38.5 10.3 6.9 8.6 7.7
H19 284.1 260.1 391.1 386.8 476.5 450.8 628.5 38.5 620.1 39.1 14.7 7.2 11 9.9
H20 298.7 NA 402.6 385.e 495.5 468.7 635.8 39.3 640.7 NA NA 9.6 NA 9.6
H21 308.7 292.8 402.5 388.8 477.S 461.3 635.7 39.3 628.1 39.8 11 8.4 9.7 8.7

*ERAGE 298.4 279.9 395.3 384.8 472.6 454 631.2 38.8 626.8 39.1

STD. D: 10.4 17.4 8.8 6.1 15 14.6 5.5 .6 10.2 .7

ri



TABLE F.9

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYOVER/TAR6ET 1AS86 MPH

CENTERLINE SIDELINE

NIC 15 NIC 1 MIC 14 NIC 12 MIC #3 REG.
EST. EST. EST. EST. ELEV EST. ELEV #16 AN6 A6 C/O

EVENT NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA ftI8 CPA AN6 5-1 1-4 5-4 ANGLE

M45 497 487.9 485.3 511.9 476 464.2 691.1 44.6 692.1 44.6 2.8 -5.4 -1.3 -1
M46 535.9 522.9 593.5 592.3 639.5 625.6 770.9 50.3 765.2 50.5 8 3.9 6 5.4
M47 551.2 545.4 541.6 559.7 534 526.3 731.7 47.7 732.6 47.7 1.7 -3.8 -1 -. 8
M48 50B 504.3 532.3 527.8 551.6 548 724.8 47.3 722.6 47.3 2.7 2.4 2.5 2.3

AVERA6E 523 515.1 538.2 547.9 550.3 541 729.6 47.5 728.1 47.5
STD. DEY 24.9 24.7 44.3 35.6 67.7 66.6 32.7 2.3 30.1 2.4

TABLE FAO

HELICOPTER: ASTAR

TEST DATE: 6-8-83

OPERATION: 500 FT.FLYO4ER/TAR6ET 1AS=143 MPH

CENTERLINE SIDELINE

MIC 15 MIC ;I MIC 04 MIC 02 MIC 13 REG.
EST. EST. EST. EST. ELEY EST. ELEV AG AG AG C/D

EVENT NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA NG CPA AN6 5-1 1-4 5-4 ANGLE

N41 573 571.4 563.9 572.3 556.7 554.3 748.4 48.9 749.3 48.9 .1 -2 -. 9 -.7
N42 580.6 574.1 596.8 602.8 609.8 602.4 773.5 50.5 771.9 50.6 3.3 0 1.6 1.5
N43 573 571.4 557.2 569.1 544.5 541.9 743.3 48.6 744.8 48.5 -. 2 -3.1 -1.6 -1.4
N44 576.5 578.2 555.5 562.8 538.7 539.9 742 48.5 744 48.4 -1.7 -2.6 -2.1 -1.9

AVERAGE 575.8 573.8 568.3 576.8 562.4 559.6 751.8 49.1 752.5 49.1
STD. DEV 3.6 3.2 19.3 17.8 32.5 29.2 14.7 .9 13.1 1



".34 APPENDIX G

.NWS Upper Air Meteorological Data

This appendix presents a summary of meteorological data gleaned from
National Weather Service radiosonde (rawinsonde) weather balloon
ascensions conducted at Sterling, VA. The data collection is further
described in Section 5.4. Tables are identified by launch date and launch

-• time. Within each table the following data are provided:

Time expressed first in Eastern Standard, then in
Eastern Daylight Time

Surface Height height of launch point with respect to sea level

Height height above ground level, expressed in feet

Pressure expressed in millibars

Temperature expressed in degrees centigrade

Relative expressed as a percent
Humidity

Wind Direction the direction from which the wind is blowing
(in degrees)

Wind Speed expressed in knots

lei
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APPENDIX H

NWS - lAD Surface Meteorological Data

This appendix presents a summary of meteorological data gleaned from
measurements conducted by the National Weather Service Station at Dulles.
Readings were noted evey 15 minutes during the test. The data acquisition
is described in Section 5.5.

Within each table the following data are provided:

Time(EDT) time the measurement was taken, expressed in
Eastern Daylight Time

Barometric expressed in inches of mercury

pressure

Temperature expressed in degrees Fahrenheit and centigrade

Humidity relative, expressed as a percent

Wind Speed expressed in knots

- Wind Direction direction from which the wind is moving
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APPENDIX I

On-Site Meteorological Data

This appendix presents a summary of meteorological dsta collected on-site
by TSC personnel using a climatronics model EWS weather system. The
anemoweter and temperature sensor were located 5 feet above ground level
at noise site 4. The data collection is further dpscribed in Section 5.5.

Within each table, the following data are provided:

fime(EDT) expressed in Eastern Daylight Time

Temperature expressed in degrees Fahrenheit and centigrade

Humidity exprcssed as a percent

Windspeed expressed in knots

Wind Direction direction from which the wind is blowing

Remarks observations concerning cloud cover and visibility
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